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Macromoleculcs are disclosed which contain 
the structure (1) wherein the substituents are de- 
fined in the specification. Also disclosed are com- 
pounds useful in the synthesis of the above com- 
pounds, as well as pharmaceutical compositions 
containing the above compounds as an active in- 
gredient. 
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OLIGONUCIiEOTXDE ANALOGS 

BACKGROUND OF THE TVmvi'^jnj^ 
1. Field of the Invention 

The present invention relates to a class of 
oligonucleotides, modified oligonucleotides, or 
oligonucleosides (i.e., phosphate-free oligonucleotides) 
optionally modified at the ends and having in their 
structure at least one linker of a non-nucleosidic nature 
containing at least one (aza) nitrogen as an achiral site 
for attachment of a DNA-binding group or a DNA-interacting 
group or carrier or targeting ligand. 

2 . Description of Related Art 

Oligonucleotides can be of value as therapeutic agents 
for the treatment of a wide variety of diseases. Classical 
therapeutics has generally focused on interactions with 
proteins, which either acting directly or through their 
enzymatic functions, contribute in major proportion to many 
disease states in animals and man. Compared to classical 
therapeutics, oligonucleotides offer the potential for a 
highly efficient specificity due to their capability for 
base pairing with complementary nucleic acid stremds in a 
Watson-Crick or Hoogsteen manner. In that sense 
oligonucleotides provide a unique opportunity for gene 
therapy or the regulation of translation or transcription. 

The function of a gene starts by transcription of its 
information to a messenger RNA (mRNA) which, by interaction 
with the ribosomal complex, directs the synthesis of a 
protein coded for by its sequence. The synthetic process 
is known as translation. Translation process requires the 
presence of various cof actors and building blocks, the 
amino acids, and their transfer RNAs ItRNA), all of which 
are present in normal cells. 
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Transcription initiation requires specific recognition 
of a promoter DNA sequence by the RNA-synthesizing enzyme, 
RNA polymerase. In many cases in procaryotic cells, 
probably in all cases in eucaryotic cells, this recognition 
5 is based on sequence-specific binding of protein 

transcription factor to the promoter. Other proteins which 
bind to the promoter, but whose binding prohibits action of 
RNA polymerase, are known as repressors. 

Synthetic oligonucleotides could be used as 

10 '^antisense" probes involved in binding to transcellular RNA 
in a sequence-specific fashion such as Watson-Crick base 
pairing interactions. Thus, synthetic DNA could suppress 
translation in vivo. It also may be possible to effect the 
genome by, for example, triple helix formation using 

15 oligonucleotides or other DNA recognizing agents. 

Natural oligonucleotides, however, are relatively 
ineffective as therapeutic agents due to their poor 
permeability into the cell, and their rapid degradation by 
enzymes inside the cell. Therefore, relatively high 

20 concentrations of natural oligonucleotides are needed in 
order to achieve therapeutic effect. 

In order to iiaprove half life as well as membrane 
penetration, a large number of variations in polynucleotide 
backbones has been undertaken, although so far not with 

25 desired results. These variations include the use of 

methylphosphonates , monothiophosphates , dithiophosphates , 
phosphoramidates , phosphate esters, bridged 
phosphoramidates , bridged phosphorothioates , bridged 
methylenephosphonates, dephospho intemucleotide analogues 

30 with siloxane bridges, carbonate bridges, carboxymethyl 
ester bridges, acetamide bridges, carbamate bridges, 
thioether, sulfoxy, sulfono bridges, various "plastic" 
DNAs, alpha-anomeric bridges, and borane derivatives. 

For example. United States Patent 5,216,141 relates to 

35 DNA analogs containing sulfides, sulfoxides and sulfones as 
linking groups between subunits capable of forming bonds 
with natural oligonucleotides. 
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United States Patent 5,034.506 relates to polymeric 
conpositions containing morpholino siibunits linked together 
by achiral linkages. Each subunit is said to contain a 
purine or pyrimidine base pairing moiety, 
5 Uniced States Patents 5,405,938 and 5,166,315 relate 

to polymers containing an uncharged 5- or 6- membered 
cyclic backbone having selected bases attached to the 
backbone. The polymer is said to be able to bind in 
sequence specific manner to a target sequence of a duplex 
10 polynucleotide . 

International applications WO 92/20702, 92/20703 and 
94/25477 all relate to the so-called peptide nucleic acids 
(PNAs) which are said to bind complementary single stranded 
DNA and RNA strands more strongly than a corresponding DNA. 
15 The PNAs are said to comprise ligands linked to a peptide 
or polyamide backbone via an aza nitrogen. 

United States Patent 5,378,825 is directed to 
oligonucleotide analogs in which the normal 
phosphorodiester inter-sugar linkages are replaced with 
20 four atom linking groups. 

International application WO 95/14706 is directed to 
PNA-DNA-PNA chimeric macromolecules , wherein the PNA and 
DNA portions are connected by amide linkages, amine 
linkages or ester linkages. » 
25 Today it has been recognized that nuclease resistance, 

fidelity of binding, and efficiency of binding of antisense 
or antigen oligonucleotides to a tcurget HNA strand or 
double-stranded DNA are of great importance . At the same 
time there has been a long- felt need for methods and 
30 materials improving hybridization properties, providing 
high nuclease resistance and membrane penetration 
properties. The compounds and compositions of the present 
invention fulfill this need. 



35 SUMMARY OF THE INVENTTQN 

In one aspect, the present invention relates to a 
macromolecule, at least a portion of which is of the 
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structure: 



B 



Ql__,g q; 

I 

X 



B 



FORMULA I 

5 wherein 

each B is independently hydrogen, hydroxy, a 
naturally occurring nucleobase, a non-naturally occurring 
nucleobase, a DMA intercalator, a covalent or non-covalent 
DNA-binding group, a heterocyclic moiety, or an aromatic 
10 moiety; 

each is independently hydrogen, hydroxy, amino, 
mercapto, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, a DNA intercalator, a covalent or 
non-covalent DNA-binding group, a heterocyclic moiety, an 
15 aromatic moiety, a targeting group, a carrier, a reporter 
group, or a soluble or non-soluble polymer; 

n is an integer from 1 to 50; 

each X is independently a single bond, methylene, 
methylenecarbonyl, C7-C12 aralkylene or substituted 
20 aralkylene, C7-C12 aralkylenecarbonyl or substituted 
aralkyienecarbonyl, or a group of the formula: 
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r2| 



I 

z-Hc- 



q 



or 



1 






R3 
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-c- 




•2- 


-c- 






k 




P 







II 



s 



wherein 

each Z is independently a single bond, O, S, 
NR«, C(=0)NR« or C{=0)NR«; 
5 each is independently O, S, NR^, methylene, or 

C(CH3)2; 

each o£ p, q« and s is independently an 
integer from 0 to 20; 

each of R^, R^ and R* is independently 
10 hydrogen; C^-Cg alkyl. which may be hydroxy-, or alkoxy-, or 

alkylthio-sxibstituted; hydroxy; alkoxy; alkylthio; amino or 
halogen; 

each of r' and R^ is independently hydrogen; Cj^- 
Cg alkyl, which may be hydroxy-, or alkoxy-, or alkyl thio- 
ls substituted; hydroxy; alkoxy; alkylthio; or amino; 

each of or independently comprises at least 
three atoms, at least one of which is carbon; 

each V is independently oxygen, sulfur, NR^ or 
methylene; and 

20 each J is independently hydrogen, azido, halogen, 

-or'', -r'' or -NR'^R^, wherein each R^ is independently 

-NR8r5 or R^, wherein each of R^ or R^ is independently 
hydrogen, C3-C10 branched alkyl or substituted alkyl, C^^-Cxo 

unbranched alkyl or substituted alkyl, C^-Cio unbranched 
25 oxaalkyl or substituted oxaalkyl, Cg-Cxo aryl or substituted 
aryl, C7-C12 aralkyl or substituted aralkyl, Ci-Cio 
unbranched aminoalkyl or substituted unbranched aminoalkyl; 
Ci-Cio unbranched aminooxaalkyl or substituted unbranched 

amihooxaalkyl , C3-C10 and N^-N^ branched (polyamino- or 



-5- 



wo 97/27206 



PCT/US97/01236 



polyaza-jalkyl or substituted (polyamino- or polyaza-) 
alkyl, Ci-Cio and N1-N4 unbranched (polyamino- or polyaza-) 
alkyl or substituted {polyamino- or polyaza-) alkyl, Cj-Cio 
and N1-N4 unbranched (polyamino- or polyaza-) oxaaDcyl or 
5 substituted unbranched (polyamino- or polyaza-) oxaalkyl, a 
natural or non-natural amino acid side chain radical, or a 
protecting group. 

In another aspect, the present invention relates to 
pharmaceutical compositions conprising an effective amount 
10 of a coirpound above, and a pharmaceutically suitable 
carrier. 

In another aspect, the present invention relates to 
methods for the treatment of diseases caused by pathogenic 
organisms, which comprises administering to a host organism 

15 in need of such treatment an effective amount of a compound 
or pharmaceutical composition described above. The host 
organism may be any organism in need of such treatment, and 
includes mammals euad humeuis . 

In a further aspect, the present invention relates to 

20 methods for the treatment of tumors, which comprises 

administering to an organism in need of such treatment an 
effective amount of a compound or pharmaceutical 
composition described above. The o;rganism may be any 
organism in need of such treatment, and includes mammals 

25 and humans. 

In another aspect, the present invention relates to a 

compound having the formula: 
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Y Q3 




-N- 
I 

X 



Q2. 



-Jn 



^ B 



FORMULA II 

wherein 

5 each B is independently a naturally occurring 

nucleobase, a non-naturally occurring nucleobase, a 
heterocyclic moiety, or cin aromatic moiety, any of which 
optionally contains a protecting group; 

each is independently hydrogen, hydroxy, amino, 
10 mercapto, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, a DNA intercalator, a covalent or 
non-covalent DNA-binding group, a heterocyclic moiety, or 
an aromatic moiety, any of which optionally contains a 
protecting group; 
15 n is an integer from 1 to 50; 

each X is independently an optionally protected group 
selected from a single bond, methylene group, 
methylenecarbonyl, C7-C12 aralkylene or substituted 

aralkylene, C7-C12 aralkylenecarbonyl or substituted 
20 aralkylenecarbonyl or a group of the formula: 

II 
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each z is independently a single bond, O, S, 
NR^ C(=0)NR^ C(=S)NR^ S{=0)NR«, or S(=0)2NR*; 

each is independently 0, S, Se, ^3R5, 
methylene, or €{0113)2; 
5 each of p, q, r, and s is independently an 

integer from 0 to 20; 

each of R^, R^, R^ and R* is independently 
hydrogen; Ci-Cg alkyl, which may be hydroxy-, or alkoxy-. or 

alkylthio-substituted; hydroxy; alkoxy; alkylthio; amino or 
10 ha^'ogen; 

each of R* and R* is independently hydrogen; C^^- 
Cg alkyl, which may be hydroxy-, or alkoxy-, or alkylthio- 
siibstituted; hydroxy; alkoxy; alkylthio; or amino; 

each of or independently comprises at least 
15 three atoms, at least one of which is carbon; 

each V is independently oxygen, sulfur, NR« or 
methylene, wherein R® is independently hydrogen, C3-C10 
branched alkyl or substituted alkyl, C^-Cio unbranched alkyl 
or substituted alkyl, Ci-Cio unbranched oxaalkyl or 
20 substituted oxaalkyl, C^-C^q aryl or substituted aryl, C7-C12 
aralkyl or substituted aralkyl, Ci-Cio unbranched aminoalkyl 
or substituted unbranched aminoalkyl; Cj-Cio unbranched 
aminooxaalkyl or substituted unbranched aminooxaalkyl , C3- 
and N1-N4 branched (polyamino- or polyaza-) alkyl or 
25 substituted (polyamino- or polyaza- ) alkyl , C^-Ciq and Ni-N4 
unbranched (polyamino- or polyaza-) alkyl or substituted 
(polyamino- or polyaza-) alkyl, Ci-C^o and N1-N4 unbranched 
(polyamino- or polyaza- ) oxaalkyl or substituted unbranched 
(polyamino- or polyaza-) oxaalkyl, a natural or non-natural 
30 amino acid side chain radical, or a protecting group; 

each J is independently, hydrogen, OR^, halogen, 
azide- or R^, any of which is optionally protected, wherein 

-8- 
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each R'' is independently -NR^R* or R8, wherein R' is 
independently hydrogen, C3-C10 branched alkyl or substituted 
alkyl, Ci-Cio unbranched alJcyl or substituted alkyl, Cj-Cio 
unbranched oxaalkyl or substituted oxaalkyl, Cg-Cio aryl or 
5 substituted aryl, C7-C12 aralkyl or substituted aralkyl, Ci- 
CiQ unbranched aminoalkyl or substituted unbranched 
aminoalkyl; C^-Ciq unbranched aminooxaalkyl or substituted 
unbranched aminooxaalkyl, C3-C1Q and branched 

(polyamino- or polyaza--) alkyl or substituted (polyamino- or 
10 polyaza-) alkyl, Ci-Ciq and NX-N4 unbranchev' (polyamino- or 

polyaza-) alkyl or substituted (polyamino- or polyaza-) 
alkyl, Cj^-Cio and N^-N^ unbranched (polyamino- or polyaza-) 

oxaalkyl or substituted unbranched (polyamino- or polyaza-) 
oxaalkyl, a natural or non-natural amino acid side chain 
15 radical, or a protecting group; 

each q3 is independently -0X-, -SX- or -NR^X-, any of 
which is optionally protected; 

each is independently oxygen, sulfur or NR®, euiy of 
which is optionally protected; 
20 Y is a protecting group; 

is a spacer group linked to a solid support- 
In yet another aspect, the present invention relates 
to a confound represented by the formula: 
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wherein : 

each B is independently a naturally occurring 
nucleobase. a non-naturally occurring nucleobase, a 
5 heterocyclic moiety, or an aromatic moiety, any of which 
optionally contains a protecting group; 

each is independently hydrogen, hydroxy, amino, 
mercapto, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase. a DMA intercalator. a covalent or 
10 non-covalent DNA-binding group, a heterocyclic moiety, or 
an aromatic moiety, any of which optionally contains a 
protecting group; 

n is an integer from 1 to 50; 
each X is independently one of the following 
15 optionally protected groups: a single bond, methylene, 
methylenecarbonyl. C7-C12 aralkylene or substituted 
arallcylene. C7-C12 aralJcylenecarbonyl or substituted 
aralkylenecarbonyl or a group of formula: 
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wherein 

each Z is independently a single bond, o, S, 
NR*, C(=0)NR*, C(=S)NR«, S(=0)NR*, or S(=0)2NR*; 

5 each is independently 0, S, Se, NR^, 

methylene, or €(^3)2; 

each of p, q, r and s is independently an 
integer from 0 to 20; 

each of R^, R^, R^ and R^ is independently 
10 hydrogen; Ci^Cq alkyl, which may be hydroxy-, or alkoxy-, or 

alkylthio-substituted; hydroxy; alkoxy; alkylthio; amino or 
halogen; 

each of r' and R^ is independently hydrogen; C^- 
Cg alkyl, which may be hydroxy-, or alkoxy-, or alkyl thio- 
ls substituted; hydroxy; alkoxy; alkylthio; or amino; 

each of or comprises at least three atoms, at 
least one of which is carbons- 
each V is independently oxygen, sulfur, .NR^ or 
methylene ; 

20 each J is independently one of the following 

optionally protected groups: hydrogen, OR"^, halogen, azide 
or R^, wherein each R'' is independently -NR^R* or R®, 
wherein each of R® or r' is independently hydrogen, Cj-Cj^q 
branched alkyl or substituted alkyl, Ci-Cjo unbranched alkyl 

25 or substituted alkyl, Ci-Cjo unbranched oxaalkyl or 

substituted oxaalkyl, Cg-Cio aryl or substituted aryl, C7-C12 
aralkyl or substituted aralkyl, C^-C^q unbranched aminoalkyl 
or substituted unbranched aminoalkyl; Cj^-C^o unbranched 
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aminooxaalkyl or substituted xinbranched aminooxaallqrl . C3- 
Cio and N1-N4 branched (polyamino- or polyaza-)al)cyl or 
substituted (polyamino- or polyaza- ) alkyl , Ci-Cjo and N1-N4 
unbranched (polyamino- or polyaza-) alkyl or sxibstituted 
(polyamino- or polyaza-) alkyl , " Ci-Cjo and N^-N^ unbranched 
(polyamino- or polyaza- ) oxaalkyl or substituted unbranched 
(polyamino- or polyaza-) oxaaDcyl, a natural or non-natural 
amino acid side chain radical, or a protecting group; 

each of Q*, and Q^, comprising at least one atom, is 
independently selected from optionally protected or 
activated fragments of or Q'. 

Y^ JV.T DES rRTPTION OF THE DRAWINGS 
Figures 1-8 each depicts con^jarisons of prior art 
compounds (labeled (A) in each Figure) with various 
compounds of the present invention, labeled (B-1) through 
(B-24) and (C-1) through (C-6) . 

Figures 9-11 each depicts coit5)ounds of the present 

invention. 

Figures 12-14 each depicts con^jarisons of prior art 
compounds (labeled (A) in each Figure) with various 
compounds of the present invention, labeled (E-1) through 
(E-13). 

Figure 15 depicts con^jounds of the present invention. 

pgT, RTT.ED T^WfigRIPT TON OF THE INVEWTIQH 

The present invention is directed to macromolecules 
that are able to function like oligonucleotides and which 
also possess other useful properties. As is illustrated in 
the Examples and Schemes of this specification, the 
macromolecules are constructed from basic nucleoside units 
and specific linker units bearing nucleobase or other 
nucleic acid-binding elements. The nucleoside units, 
joined by a nucleobase bearing linker of the present 
invention (i.e., the Q^-N-Q^ segment of Formula I), forms 
trimeric units. The trimeric units can be further extended 

-12- 
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to pentameric , heptameric and other, higher order 
macromolecules by addition of further nucleosides. The 
trimeric units (and/or the higher order units) can be 
connected via linkages other than those of the invention, 
5 as for example, via a normal phosphodiester linkage, a 
phosphothioate linkage, a phosphodithioate linkage, a 
phosphoroamidate linkage, a phospho tries ter linkage, a 
methyl or other alkylphosphonate linkage or other linkage. 
The linkage of the present invention contains two parts (or 

10 sublinkages, i.e., and in Formula I) separated by an 
aza-nitrogen atom. The aza-nitrogen atom is an achiral 
site of attachment of a nucleobase or any other nucleic 
acid binding moiety. In certain embodiments a single type 
of sublinkage is used to join nucleosides and aza-nitrogen 

15 atom(s) . In other embodiments, two different sublinkages 
are used to form trimeric units, or two or more different 
sxiblinkages are used to form the higher order units. 
Within the same macromolecule of the invention, sublinkages 
of different units (trimeric or higher order units) may be 

20 the same or of different types as described in this 

specification. Some trimeric units (and/or the higher 
order units) carry naturally occurring or non--naturally 
occurring nucleic bases attached to an achiral aza-nitrogen 
atom within an intemucleosidic linkage, other units carry 

25 a nucleobase-binding ligand other than a nucleobase, 
described below more fully. 

The naturally occurring nucleobases which are referred 
to herein include the four main naturally occurring 
nucleobases, i.e. thymine, cytosine, adenine or guanine, or 

30 other naturally occurring nucleobases, e.g. hypoxanthine , 
uracil, thiouracil, 5-methylcytosine, etc. 

The non-natural ly occurring nucleobases which are 
referred to herein include, for example, f luorouracil , 
bromovinyluracil , criazolcarboxamide , benzimidazole, etc . 

35 The heterocyclic moieties which are referred to herein 

include any heterocycle containing at least one heteroatom 
fused or non-fused ring systems, for exeunple, nitroindole 
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derivatives, nitroimidazole derivatives, nitrotriazole 
derivatives, etc. 

The DNA-binding groups which are referred to herein 
include: 1) covalent DMA-binding groups, which interact 
5 with DNA by means of chemical modification (for example, 
mustard gas derivatives, psoralen and its derivatives, 
mitomycin C, etc.); 2) non-covalent DNA-binding groups, 
which interact with DNA by means of hydrogen bond 
formation, intercalation, electrostatic forces, .etc. 
10 Hydrogen bond formation between functional groups of DNA 
(or RNA) and functional groups of nucleic acid binding 
ligands plays an important role in specific recognition of 
nucleic acids (especially double stranded nucleic acids) by 
antibiotics (e.g., distamycin, netropsin, echinomycin, 
15 etc.), or proteins (e.g., repressors, restrictases , etc.), 
or oligonucleotides (e.g., DNA double strand formation, or 
DNA triple strand formation) . Intercalation is a special 
kind of stacking observed in nucleic acids which is 
associated with separation of two adjacent base pairs to 
20 allow insertion of a planar aromatic (hetero) -cyclic group, 
known as the intercalator. The intercalators capable of 
binding to double stranded nucleic acids which are referred 
to herein include, for example, acridine or its 
derivatives, phenanthridine or its derivatives, etc. The 
25 intercalators capable of binding to preferably triple 

stranded clusters of nucleic acids (compare to duplexes) 
which are referred to herein include, for example, coralyne 
(a member of the protoberberine family of alkaloids) , 
propidium bromide, etc. 
30 The carriers which are referred to herein include, for 

exaimle, a polyamine group (e.g., polyethyleneimine, 
spermine, spermidine, poly-L-lysine, starburst dendrimers, 
etc.), or lipophilic groups (e.g., cholesterol, alkyl 
chain, etc.), or a soluble polymer (e.g., polyethylene 
35 glycols, polysaccharides, proteins, etc.), or by a non- 
soluble polymer (e.g., dextranes, polyacrylamide 
derivatives, polyvinyl derivatives, etc.), or a targeting 

-14- 
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ligand (e.g., sugcu: or sugar phosphate residues which act 
as binding sites to receptors on the surface of target 
cell, amtibodies, immunoglobulins, etc.). 

As used herein, "nucleoside" refers to a unit composed 
of a heterocyclic base and a sugar, and includes the 
natural occurring nucleosides, including 2'-deoxy and 2'- 
hydroxyl forms, e.g. as described in Komberg and Baker, 
DNA Replication, 2nd Ed. {Freeman, San Francisco, 1992). 
In naturally occurring nucleosides, the heterocyclic base 
typically is adenine, cytosine, guanine, thymine or uracil; 
the sugar is normally deoxyribose, i.e., erythro- 
pentofuranosyl , or ribose, i.e., ribo-pentof uranosyl . 
^•Analogues'' in reference to nucleosides includes synthetic 
nucleosides having modified base moieties (for example, 
5 (6) -nitroindole, 4-nitrotriazole, 3 (4 ) -nitrobenziinidazole, 
2-aminopurine, benzimidazole, 5-f luorouracil, and the like) 
and/ or modified sugar moieties (for example, arabino, xylo 
or lyxo pentaf uranosyl sugars; or substituted arabino, 
erythro, ribo, xylo or lyxo pentaf uranosyl sugeurs; or 
acyclic moieties mimicking sugar; or hexose sugars; etc.) 
e.g. described by Scheit, Nucleotide Analogues {John Wiley, 
New York, 1980) . Such analogues include the natural and 
synthetic nucleosides with or without an appropriate 
protecting group for synthesis. 

As used herein, "nucleotide" refers to a nucleoside 
having a phosphate group esterif ied to at least one of the 
sugar hydroxyl groups. 

The term •oligonucleotide" as used herein includes 
linear oligomers of natural or modified nucleosides, 
including deoxyribonucleosides, ribonucleosides, 
alpha -anomeric forms thereof, and the like, usually linked 
by phosphodiester bonds or analogues thereof ranging in 
size from a few monomeric units, e.g. 2-3, to several 
hundreds of monomeric \inits. Analogues" in reference to 
oligonucleotide refers to structures including modified 
portions such as modified sugar moieties, modified base 
moieties or modified sugar linking moieties. Exemplary 
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among these are phosphorochioate, phosphorodithioate, 
phosphoroamidate, phosphoroanilidate , phosphodiester 
incernucleoside linkages used in place of phosphodiester 
internucleoside linkages; deaza or aza purines and 
pyriinidines may be used in place of natural purines or 
pyrimidines; pyrimidine bases having a substituent group 
at, for example, the 4-, 5- or 6-positions; purine bases 
having altered or replacement sxibstituent groups at, for 
example, the 2-, 6- or 8-positions; or sugars having 
substituent groups at their 2 '-position, substitutions for 
one or more of the hydrogen atoms of the sugar, or 
carbocyclic sugar. Preferably, oligonucleotides oc the 
present invention are oligomers of the natural nucleosides 
having a length in the range of 2 to 50, and more 
preferably, having a length in the range of 2 to 20 
monomeric units. 

As mentioned above, the compounds of the present 
invention are represented by an oligonucleotide, or 
modified oligonucleotide, or so-called '^oligonucleoside" 
(i.e. phosphate- free oligonucleotide) optionally modified 
at the ends, at least a portion of which has the structure 
of formula la: 



Formula la 

In Formula la, substituents W and represent the 
remainder of the macromolecule . W and W^^ may be any 
substituents which do not detract from the utility of the 



B 





n 
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present compounds. Preferably, each of W and are 
independently -H; -OH; optionally modified phosphate or 
phosphate analogs; nucleosides or analogs thereof; 
nucleotides or analogs thereof; oligonucleotides or analogs 
5 thereof; amino; mercapto; a DNA intercalator; a covalent or 
non-covalent DNA-binding group; a heterocyclic moiety; or 
an aromatic moiety, any of which optionally contains a 
protecting group; peptides or analogs thereof; chelating 
groups (e.g., EDTA) ; polymers (e.g. polyamides , 

10 polycations, polyanions, etc.) sugars; saccharides; 
polysaccharides; or lipophilic groups. 

Preferably, each B independently comprises naturally 
occurring nucleobases, non-naturally occurring nucleobases, 
heterocyclic moieties, aromatic moieties, DNA 

15 intercalators, covalent or non-covalent DNA-binding groups; 
more preferably each B is a naturally occurring nucleobase 
or non-naturally occurring nucleobase. The most preferred 
choice for each B is a naturally occurring nucleobase. 

In certain preferred embodiments, at least one of B^ 

20 is a naturally occurring nucleobase; in other preferred 

embodiments at least one of B^ is a non-naturally occurring 
nucleobase; in other preferred embodiments at least one of 
B^ is a DNA intercalator (such as acridine derivatives, 
phenazine derivatives, etc.); in other preferred 

25 embodiments at least one of B^ is a covalent DNA-binding 
group (such as mustard gas derivatives, psoralen 
derivatives, etc.); in other preferred embodiments at least 
one of B^ is a DNA-binding suitibiotic (such as daunomycin, 
actinomycin D or another representative of the actinomycin 

30 family, netropsin and its derivatives, distamycin and its 

derivatives, etc.); in other preferred embodiments at least 
one of B^ is a reporter group (such as a fluorescent or 
chemiluminescent l5Q>el, biotin, etc.); in other preferred 
embodiments at least one of B^ is a targeting group for 

35 recognition of definite cells (such as an antibody or 

saccharide) ; in other preferred embodiments at least one of 
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Bi is a soluble or non-solxible polymer; in other preferred 
embodiments at least one of is a reactive functional 
group suitable for postsynthetic modification of an 
oligonucleotide (such as amino, mercapto, aldehyde. 

carboxyl, etc. ) . 

In a preferred embodiment, n is from 1 to 20; most 

preferably xi=l. 

In certain preferred embodiments, when is a 
natxirally occurring nucleobase or a non-naturally occurring 
nucleobase, X comprises from 1 to 4 atoms; in other 
preferred embodiments, when B^ is sele-ted from DNA 
intercalators. covalent or non-covalent DNA-binding groups, 
or DNA-binding antibiotics. comprises from 1 to 12 
atoms; in a most preferred embodiment, when is a 
nucleobase, is methylenecarbonyl . 

In preferred embodiments, each of and 
independently contains at least one of the following 
groups: oxygen; sulfur; substituted carbon; carbonyl; 
thiocarbonyl; sulfone; sulfoxide; Ci-Cs alkylene; Cj-Ce 
alkenylene; C^-C^ allcynylene; Ci-Cg oxaallcylene or 
thiaalkylene or azaalkylene each containing one or two 
different heteroatoms or heteroatoms of the same type; or 
NR-'. or ♦NR«>R', or NR'C{=0)-, or -NR'C(=S)-, or -NR'S(=0)-, 
or '-NR'S(=0)2- in either orientation, wherein r', R^ and R' 
have been specified above; or X, wherein X has been 
specified above; or a group of: 



— z* — p — z^- 



73 



z^ 

wherein 

each of Z* or zs is independently selected from the 
group consisting of a single bond, 0, S, and NR', wherein 
R' has been specified above; 

each is independently selected from the group 
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consisting of hydrogen, R®. OR'', SR'. and NR''R^. wherein R" 
and R" have been specified above; and 

each is independently selected from the group 
consisting of 0, S, and NR^, wherein JO has been specified 
5 above . 

In certain preferred embodiments each of and 
independently contains from 2 to 8 atoms; in more preferred 
embodiments and each independently contains from 3 to 
6 atoms; most preferably 4 or 5 atoms. Most preferably, 
10 each is independently selected from the following 
groups : 

-O-CH2-CH2-CH2-, -0-CH2-C(=0)-NH-, -NH-NH-C(=0)-CH2-, 
-NH-N=CH-CH2-, -NH-NH-CH2-CH2-, -0-NH-C(=0)-CH2-, 
-0-N=CH-CH2-, -O-NH-CH2-CH2-, -CH2-NH-C(=0)-CH2-, 
15 -NH-NH-C{=0)-NH-, (=0) -NH-CH2-CH2-, 

-0-P(=z2)Z^-NH-CH2-CH2-, or -CHj-NH-CHj-CHj-, in either 

orientation; and 

each q2 is independently selected from the following 
groups: Q^, -CH2-O-CH2-CH2-CH2-, -CH2-0-CH2-C(=0) 
20 -CH2-NH-NH-C(=0)-CH2-, -CH2-NH-N=CH-CH2-, 

-CH2-NH-NH-CH2-CH2-/ -CH2-0-NH-C(=0)-CH2", -CH2-0-N=CH-CH2-, 
-CH2-O-NH-CH2-CH2-, -CH2-NH-C(=0)-CH2-, -CH2-NH-NH-C(=0)-NH-, 
-0-C (=0) -NH-CHj-CHj-, -0-P(=z2> Z^-NH-CHj-CHj-, 
or -CH2-CH2 -1^-0112 -CH2-, in either orientation. 

25 Preferably, at least one of V is oxygen. The most 

preferred choice for each V is oxygen. 

In more preferred embodoments, at least one of J is 
independently selected from the group of hydrogen, fluorine 
or OCH3; the most preferred choice for J is hydrogen - 

30 The compounds of the invention are synthesized by 

adaptation of standard oligonucleotide synthesis 
procedures, or by adaptation of standard peptide synthesis 
procedures, or by a combination of both mentioned 
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procedures in solution or on solid phase. 

Using standard oligonucleotide synthesis procedures, 
the compounds of the present invention may be prepared by 
incorporation of fragments of formula I onto the 5 ' -end of 
a growing oligonucleotide or modified oligonucleotide 
chain, represented by the formula II: 




•N- 

I 

X 



—I n 



Formula II 



wherein each of Bi, Q^, V and J are as described 
above, any of which is optionally blocked with a protecting 
group if appropriate (e.g., acetyl, isobutyryl, 
phenoxyacetyl, benzoyl, cyanoethyl, 4- 
nitrophenylethyloxycarbonyl , 4-nitrophenylethyl , 
benzyloxycarbonyl , p-anisyldiphenylmethyl, di-p- 
anisylphenylmethyl, pixyl; tert-butyloxycarbonyl, 
diphenylcarbamoyl, formamidino, acetamidino, trialkylsilyl 
having from 3 to 14 carbon atoms, 9-f luorenylmethyl 
carbamate, or the like; see Greene and Wuts, Protective 
Groups in Organic Synthesis, 2nd Edition (John Wiley, New 
York, 1991)); 

each independently corrprises a single bond, oxygen, 
sulfur, -NR«-, -SX-, -X-, or -NRBx-, wherein X and 

r8 have the meanings specified above in connection with 
formula I; more preferably each independently comprises 
a single bond, -OCHj-. -SCHj-, -CH2-, -NR^CHj-, -CH^CH,-. and 
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-0CH2C:H2-; the most preferred choice, for is -OCHj-; 

each independently comprises a single bond, oxygen, 
sulfur and NR', wherein has the meanings specified above 
for formula I; 

5 Y is a protecting group such as triphenylmethyl , p- 

anisy Idiphenylme thyl , di -p-anisylphenylmethyl , pixyl , 
trialkylsilyl having from 3 to 14 carbon atoms, 9- 
f luorenylmethyl carbamate, trifluoroacetyl, or the like; 
more preferably Y is p-anisyldiphenylmethyl, di-p- 
10 anisylphenylmethyl, or pixyl; 

Y^ is a spacer group linked to a solid support, which 
spacer comprises ccurbonyl, ester, carbamate, urethane, 
hydrazide, alkylene or modified allcylene, Cs-Cj4 

aralkylene or modified aralkylene, C^-Ci^ alkylarene or 
15 modified alkylarene, Ci-C^oo oxaalkylene or thiaalkylene or 
azaalkylene each containing from one to fifty different 
heteroatoms or hetroatoms of the same type, where aza 
groups are, optionally, protected by amino protecting 
groups, C1-C14 alkylenecarbonyl or alkylenethiocarbonyl or 

20 alkylenesulfone or alky lenesulf oxide, Ci-Cioo 

oxaalkylenecarbonyl or thiaalkylenecarbonyl or 
azaalkylenecarbonyl (or their thiocarbonyl or sulfone or 
sulfoxide analogues) each containing from one to fifty 
different heteroatoms or hetroatoms of the same type, where 

25 aza groups are, optionally, protected by amino protecting 
groups; or a group of the formula (III): 

o o 

— P— nr«r"« p— n , — p— OH » — P— OH land -j>_z6 

2? 2* OH H 2? 

(1) (2> (3) (4) (5) 

30 Formula (HI) 

or salts thereof, wherein 

each of R^** or R^^ independently comprises Cj-C^q 
branched alJcyl, C^-Cio unbranched alkyl or oxaalkyl, C^-C^q 
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aryl, C7-CX2 arallcyl; a more preferred choice for each of 
R^o or r3-^ is C3-C5 branched alkyl or C1-C4 unbranched 
alkyl; the most preferred choice for each of or R^^ is 
is ©propyl; 

R" is Cj-Cg alkylene, Cj-Ca alkenylene or -Cz-Cg 
oxaalkylene, coirprising one or two heteroatoms ; most 
preferably R" is a morpholino group; 

Z5 is any phosphate protecting group; preferably, 
4-CI-C6H4-O-, 2-CI-C6H4-O-, 4-NO2-C6H4CH2CH2-O-, 
2,4-N02-C6H3CH2CT -0-, 2 , 4-CI-C6H3-O-, 2, S-Cl-CgHj-O-, 
NCCH2CH2-O-, NCCH2C(CH3)2-0-, CH3O-, (Z)3CCH2-0-, R"S-, 
RIOSCH2CH2-O-, or R^SOjCHj-O-, wherein Z is halogen and r" 
is independently selected from the meanings described 
above ; 

Z« is -F, -CI, -Br, -I, imidazole 1-yl, tetrazol-l-yl, 
1,2,4-triazol-l-yl and 1-hydroxy-benzotriazol-O-yl; in 
certain preferred embodiments is a functionalized solid 
support of CPG or polystyrene nature; in other preferred 
embodiments is -HPl:=0>OH and salts thereof; in other 
preferred embodiments Y^ is -P(OCH2CH2CN) {N(i-Pr)2) or 

-P{0CH3) (N(i-Pr)2) . 

Compounds of Formula (III) are commonly known (with 
reference to the activable phosphorus group, Y^) as 
phosphoroamidites, (lll-l and -2), phosphorous acids (III- 
3), H-phosphonates (III-4) and activated phosphodiesters 
(III-5). Structures (III-3) and (III-4) represent 
moderately strong acids, and the reagents represented by 
these structures are generally isolated and used as their 
organically soluble salts. 

The novel compounds for incorporation of fragment of 
formula I onto Che 5 '-end of a growing modified 
oligonucleotide chain, represented by the group of formula 
IV: 
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B 




Formula 



wherein each of B, Bl, Q^, Q^, v, X and j are as described 
above, any of which is optionally blocked with a protecting 
group; 

each of Q^^ and Q^^ comprises optionally protected or 

activated fragments of or Q^; more preferably each of 
Q\ and Q^^ contains from one to three atoms, any of which 

optionally contains a protecting group; in most preffered 
embodiments each 0^,^ independently comprises y^-NH-^CHj-/ 

y^-NH-O-, Y^-NH-NH-, Y^-NH-, Y'-NH-CH^-CHj- , Y^-NH-NH-CHj- , 

y2-NH-C(=0)-CH2-, y'"NH-C(-0)-NH-. y2-NH-NH-C(=0) wherein 

y2 is a protecting group or hydrogen; more preferably Y^ 
comprises p-anisyldiphenylmethyl . di-p-anisylphenylmethyl , 
pixyl, 9-fluorenylmethyl carbamate, or trif luoroacetyl; and 
each Q^3j independently comprises E-CH^-CHj-, E-CH2-, E-NH-, 
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E-0-, wherein E is independently halogen, aldehyde, acetal, 
-S(=0)2R"* or -cor", wherein r" is a hydroxyl or 

activated group; more preferably R" is selected from 
halogen, hydroxyl, pentafluorophenoxy, tetraf luorophenoxy, 
5 p-nitrophenoxy, or N-succinimidoxy, 

The compounds of the present invention may be divided 

into five groups: 

(1) oligonucleotide analogues, wherein the non- 
nucleosidic linkage bears a nucleic base; 
10 (2) oligonucleotide analogues, wherein the non- 

nucleosidic linkage bears a covalent DNA-binding group, or 
a non-covalent DNA-binding group, or a DNA- inter cala tor, or 
a DNA-binding antibiotic; 

(3) oligonucleotide analogues, wherein the non- 
15 nucleosidic, preferrably non-phosphate containing linkage, 

is used as a new type of linker connecting clusters of 
oligonucleotides or modified oligonucleotides; 

(4) oligonucleotide analogues, wherein the non- 
nucleosidic linkage bears a carrier, or polymer, or 

20 targeting ligand, or lipophilic group; and 

(5) oligonucleotide analogues, wherein the non- 
nucleosidic linkage bears a reporter group, such as biotin. 

The oligonucleotide analogues ^(l)-(5) are able to 
recognize both single stranded and double stranded nucleic 

25 acids. The oligonucleotide analogues (1) with fragments of 
formula I placed on the 3'- and/or 5 '-end or distributed 
along the oligonucleotide chain demonstrate the ability to 
bind DNA fragments and at the same time possess increased 
enzymatic stability. The oligonucleotide analogues (2) 

30 with fragments of formula I placed in definite positions 

along the oligonucleotide chain bind efficiently to double 
stranded DNA or RNA, and attachment of a covalent DNA- 
binding group, or a non-covalent DNA-binding group, or a 
DNA-intercalator, or a DNA-binding antibiotic, provides 

35 another opportunity to overcome the problem of recognition 
of polypyrimidine traces by triplex forming 
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oligonucleotides (TFO) . The oligonucleotide analogues (3) 
can be used as a new type of TFO, The oligonucleotide 
analogues (4) and (5) are useful in the synthesis of 
oligonucleotide conjugates. 
5 The improved enzymatic stcd^ility and binding ability 

and cell membrane penetration of the compounds of the 
invention render them efficient as antisense (binding to 
RNA) or antigene (binding to DNA) agents. 

Also, the invention provides reagents and methods for 

10 inhibiting transcription and/or replication of particular 
genes or for degradation of particular regions of double 
stranded DNA in cells of an organism by administering to 
said organism a compound of invention as defined above. 

Further, the invention provides reagents and methods 

15 for killing or mutating cells (such as tumor cells) or 
pathogenic organisms (such as viruses, bacteria, fungi, 
etc.) by contacting said cells or organisms with compounds 
or compositions of the present invention which have 
specificity for such cells or organisms, 

20 Viruses susceptable to treatment according to the 

present invention would be readily determined by one of 
ordinary skill, and could include herpes simplex virus 
(HSV) , human papillomavirus (HPV) , hianan immunodeficiency 
virus (HIV) , etc. 

25 For therapeutic or prophylactic treatment, the 

compounds of the present invention may be formulated in a 
pharmaceutical composition, which may include, in addition 
to an effective amount of active ingredient, 
pharmaceutically acceptable carriers, thickeners, diluents, 

30 buffers, preservatives, surface active agents and the like. 
Pharmaceutical compositions may also include one or more 
other active ingredients such as antimicrobial agents, 
antiinflammatory agents, and the like. 

The pharmaceutical compositions of the present 

35 invention may be administered in a number of ways as will 
be apparent to one of ordinary skill. Administration may 
be done topically, orally, by inhalation, or parenterally , 
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for example. 

Topical formulations may include ointments, lotions, 
creams, gels, drops, suppositories, sprays, liquids and 
powders. Oral formulations include powders, granules, 
5 suspensions or solutions in water or non-aqueous media, 

capsules or tablets, for exairple. Thickeners, flavorings, 
diluents, emulsifiers, dispersing aids or binders may be 
used as needed. 

Parenteral formulations may include sterile aqueous 

10 solutions which may also contain buffers, diluents and 
other suitable additives. 

The dose regimen will depend on a number of factors 
which may readily be determined, such as severity and 
responsiveness of the condition to be treated, but will 

15 normally be one or more doses per day, with a course of 

treatment lasting from several days to several months, or 
until a cure is effected or a diminution of disease state 
is achieved. One of ordinary skill may readily determine 
optimum dosages, dosing methodologies and repetition rates. 

20 In general, it is contemplated that unit dosage form 
compositions according to the present invention will 
contain from about 0.01 mg to about 100 mg of active 
ingredient, preferably about 0.1 mg to about 10 mg of 
active ingredient. Topical formulations (such as creams, 

25 lotions, solutions, etc.) may have a concentration of 
active ingredient of from about 0.01% to about 50%, 
preferably from about 0.1% to about 10%. 

The following Figxires and Schemes illustrate, but 
not limit, the conpounds and utilities of the present 

30 invention. Figures I-VT represent some trimeric fragments 
of the present invention with the variations in structures 
of linking moieties Qi and (see Formula I of present 
Description). All depicted structures from B-1 (Fig. 1) 
through B-24 (Fig. 6) represent some oligonucleoside 

35 trimeric fragments of the invention with variations in the 
linking moieties, wherein B** is preferably a nucleic base. 
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The structures C-1 (Fig. 7) through C-9 (Fig. 9) represent 
examples wherein the aza nitrogen atom in Q1-N-Q2 serves as 
a site of attachment for an intercalating moiety. Formula 
C-1 (Fig. 7) illustrates the case where an acridine residue 
is attached through an acyl-type spacer; in formula C-2 the 
acridine residue is attached through an alkyl spacer. In 
both structures the intercalator is bound to the N-atom in 
propyl iminopropyl intemucleoside linking moiety. The 
structures from C-3 through C-6 (Fig. 8) demonstrate 
examples of attachment of an intercalator to the aza-atom 
in a relatively long (20-30 atoms) phosphate- free 
intemucleoside linking moiety. Figure 9 shows the 
structures of the present invention with an attached 
coralyne residue. As was shown (J.S. Lee, Biochemistry, 
1993, V.32, pp. 5591-5597), coralyne demonstrates 
considerable preference for triplex binding (binding 
constants are about 10^ M*^) compared to duplex binding 
(binding constants are about 10^-10* M"i) . Coralyne 
conjugated to a triple helix forming oligonucleotide can be 
favorable for self -stabilization of the formed triplex. 

Figures 10 and 11 represent situations where a DNA 
covalent binding moiety (i.e.. psoralen) is conjugated to a 
intemucleoside linker of the present invention. Psoralen 
binds preferentially to double -stranded DNA molecules and 
attachment of psoralen to an abasic site within the triplex 
forming oligonucleotide can considerably increase accuracy 
of site modification of the DNA duplex. 

Figures 12-14 demonstrate examples of trimeric units 
of the present invention bearing a functional group 
attached to the aza-nitrogen. These functional groups are 
used as a site for postsynthetic modification of 
oligonucleotides with DNA-active substances (such as 
intercalators, alkylators, DNA-binding antibiotics, or any 
other nucleic acid binding group as described above) . 

Various methods for the synthesis of compounds 
according to the present invention are summarized in the 
following schemes, which are described in detail below. 
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Scheme t 
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Scheme II 



1. 60%NaWDMF tvo^-^ « 
i BfCH,COO-t-8u ^^n^-o.^" 



I ° 

19 ^ 




Mur- 




wherein and b\ is selected independently from: 
thymine-l-yl; 

3- ^^ben2y loxymothy l)thy mlne-1 -yl; 

4- N-(isobutyryl)cytidin&-1 -yl; 
6-N-{phenoxyacetyl)adenme-9-yl; 
2-N-{phenpxyacetyl)guanme-&-yl; 

B and is selected independently from: 

thymine-1*yl; 

cytldine-1-yl; 

adenine-9-yl; 

guanine-9-yt. 
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Scheme III 



'V 



1. CoCVNiBH^MOH 



2. P^iCOOCtfElOH 



1.tO%NiH/DyF 
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Scheme IV 



24 




35 

wherein o' , Is selected from single bond, 
oiygen, - CHr» -N^CHaK -N(C0CF3K 

Is selected from single bond, 
o«yge«.-CHr.-N(CH5K -NH-. 
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Scheme V 




39 



wherein x is selected from single bond, 
oxygen, - CHj-, -NCCH,)-. ^(COCFaK 
-N(Pac)-; 

Is selected from single bond. 
oxygBn.-CHr.-N{CH3h -NH-. 
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Scheme VI 
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Scheme VII 
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Scheme Vlil 
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wherain B^. is stiectad from: 
thymin»-1*yl; 
4.N-(«cetyI)cytldIn»-1 -yi; 
6-N^plienoJcyaMtyl)adenlne-9*yi; 
2>N-<phenoxyaeetyl)9uanin»-9-yl; 

Is selected from: 
thymine-1-yl; 
cytfdin»-1^f; 
8denine-9-yl; 
guanin»-9-yi; 



Scheme IX 
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Scheme XII 
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Scheme XIV 
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Scheme I illustrates the synthesis of trinucleoside 
units containing fragments of formula B-1 (Fig. 1) with 
-OCHjCHjCHjN tX-B^] -CHjCHjCHjOCHj- ( 3 ' -♦4 ' ) intersugar 
linkage. Nucleoside with a protected base and partially 
5 protected sugar moiety (compound 1) is cyanoethylated (as 
in Example 2, infra) at the 3 '-position, reduced to the 
aminopropyl derivative (compound 5, Example 5) and then 
trifluoroacetylated (compovind 6, Example 6) . The other 
chain of transformation is allylation of the 5 '-position of 
10 the nucleoside followed by conversion to the 3 -bromopropyl 
derivative (compound 9). These reactions are exemplified 
in Examples 1, 8 and 9. Compound 6 is alkylated with 
compound 9 to yield conpound 10, that after deprotection 
of the bases and aza-nitrogen of the oligonucleosidic 
15 backbone gives compound 12 (Example 5) . Con«)ound 12 is a 
key substance for synthesis of various compounds of the 
present invention. For example, acylation of compound 12 
with an activated ester of a carboxymethyl derivative of 
different heterocyclic bases (e.g.. thymine, cytosine. 
20 adenine and guanine) gives, respectively, trinucleosides 
14a, 14b, 14c and 14d (as in Examples 16-18. iafra) . 
Acylation of con^jound 12 with an N-protected ©-amino acid 
derivative (e.g., N-Rnoc-4-aminobutyric acid) and 
incorporation of this trimeric unit into an oligonucleotide 
25 chain gives, after deprotection. an oligonucleotide having 
an amino modified (abasic) site (motif E-2, Fig. 12) in its 
structure, wherein the aliphatic amino-group serves as a 
site of attachment for various DNA-active groups. 
Acylation of compound 12 with an S-protected m-mercapto 
30 acid derivative (e.g., 3-Tr-4-mercaptobutyric acid) and 

incorporation of this trimeric unit into an oligonucleotide 
chain gives, after deprotection, an oligonucleotide having 
a mercapto modified (abasic) site (motif E-3, Fig. 12) in 
its structure, wherein an aliphatic mercapto group serves 
35 as a site of attachment for various DNA-active groups. 

Acylation of compound 12 with an activated derivative of 
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2, 3-di-o-Fmoc-l-o-carboxyinethyl glycerine and incorporation 
of this trimeric unit into an oligonucleotide chain gives, 
after deprotection, an oligonucleotide having a cis-diol 
modified (abasic) site (motif E-4, Fig. 12) in its 
5 structure, wherein the cis-diol group after periodate 
oxidation provides an aldehyde group as a site of 
attachment for various DNA-binding groups. Acylation of 
compound 12 with an activated derivative of N-Fmoc- 
protected monohydrazido derivative of a dicarboxylic acid 

10 {e.g., adipic, pimelic, suberic, etc.) and incorporation of 
this trimeric unit into an oligonucleotide chain gives, 
after deprotection, an oligonucleotide having a liydrazido 
modified (abasic) site (motif E-5, Fig, 12) in its 
structure, wherein the hydrazido group after deprotection 

15 serves as a site of attachment for various DNA-active 
groups . 

Scheme II illustrates synthesis of intermediates for 
preparation of oligonucleosides containing fragments with 
a -OCH2CH2CH2N[X-B^]CH2C(=0)NHQ^CH2- (3'-»4') intersugar . 

20 linlcage. Such oligonucleotide analogs include compovmds 

having formulas B-2, B-3, or B-4 (Fig. 1). Conpound € (see 
Scheme I and Example 6) is a starting substance for the 
synthesis of such intermediates. Compound 6 is alkylated 
with the tert-butyl ester of bromoacetic acid in DMF in the 

25 presence of sodium hydride to give compound 19 (Example 

23), that after hydrogenation is converted to compound 20 
(Example 24) . The trifluoroacetyl protecting group is 
removed from compound 20 by airanonolysis to give compound 
21 (Example 25) . Compound 21 is acylated with an 

30 activated carboxymethyl derivative of a nucleic base to 
give compound 22 (Examples 26, 27, 28), which after 
deprotection and the switching of the 5 ' -0-protecting group 
from tetrahydropyranyl to monomethoxytrytil is converted to 
the carboxylic acid derivative 23 (Examples 29, 30, 31). 

35 Compound 23 can be used for condensation directly, or 
transformed, for example, into activated ester 24 
(Examples 32, 33, 34) . 
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Scheme III illustrates synthesis of intermediates 
for preparation of oligonucleosides containing fragments 
with a -q3nHC(=0)CH2N[X-bMCH2CH2CH20CH2- (3 '-^4') 

intersugar linkage. The oligonucleosides include compounds 
having formulas B-5, B-6, or B-7 (Fig. 2). Compound 7 (see 
Scheme I, Example 7) is a starting material for the 
synthesis of those intermediates. Conpound 7 is 
cyanoethylated to give coirpoxind 25 (Exanple 35), that 
after reduction is trif luoroacetylated to conqpound 26 
(Exairrple 36) . Compound 26 is alkylated with the tert -butyl 
ester of bromoacetic acid in DMF in the presence of sodium 
hydride to give compound 27 (Exaiiple 37), which after 
acidic deprotection is converted into a carboxylic acid 
derivative 28 (Example 38) . Compound 28 is treated with a 
saturated solution of ammonia in ethanol and acylated with 
an activated ceurboxymethyl derivative of a nucleic base to 
give compound 29 (Examples 39. 40 and 41). Compound 29 is 
dimethoxytritylated to protect the 3'-hydroxyl group and to 
give compound 30 (Example 42) , which can be used for 
condensation directly, or transformed, for exair?>le, into 
activated ester 31 (Example 43). 

Scheme IV illustrates exairples of synthesis of 
trinucleosides 33 containing motifs^ of formulas B-2 , B-3 , 
or B-4 (Fig. 1) starting from compounds of general formula 
24. Also, Scheme IV shows a route of conversion of 
partially protected trinucleoside 32 into phoshoramidite 
34 and CPG derivative 35. 

Scheme V illustrates examples of synthesis of 
trinucleosides 37 containing motifs of formulas B-5, B-6, 
or B-7 (Fig. 2) starting from coinpounds of general formula 
31. Also Scheme V demonstrates the conversion of partially 
protected trinucleoside 36 into phoshoramidite 38 and CPG 

derivative 39. 

Scheme VI illustrates synthesis of peptide-like 

oligonucleosides 54 containing 

-OCH2CH2CH2NtX-B^lCH2C(=0)NHCH2CH2- (3 '-^4') intersugar 
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linkages . The methodology of synthesis is similar to that 
described in Scheme I. Homonucleoside with a protected 
base and partially protected sugar moiety (compound 40, 
Example 43) is cyanoethylated at the 3 '-position to give 
5 compound 41 (Example 44), which after switching of the 5'- 
0-protecting group from monomethoxytrytil to 
tetrahydropyranyl, is converted to compound 42 (Example 
45) . Cozipotind 42 is reduced to the aminopropyl 
derivative (confound 43, Example 46) and then amino group 

10 is blocked with trif luoroacetyl protecting group to give 
compound 44 (Example 47) . Compound 44 is al)cylated with 
the tert -butyl ester of bromoacetic ^cid in the presence of 
sodium hydride (compound 45, Exanple 48). The 6'-0-THP 
group is converted to the bromo derivative (compound 46, 

15 Example 49) through the treatment with CBr4/P{Ph)3 in THF. 

Compound 46 is treated with the sodiian salt of di-tert- 
butyliminodicarboxylate in DMF to give compound 47 
(Example 50), which after hydrgenolysis and ammonia 
treatment is converted to compound 48. Compound 48 is 

20 acylated with an activated carboxymethyl derivative of a 

nucleic base to give modified dinucleoside 49 (Examples 52 
and 53). Acid labile protecting groups (Boc- and tert- 
butyl protecting groups) are removed with 50% TFA/DCM and 
the 6 '-amino function is blocked with a monomethoxytrytil 

25 protecting group to give compound 50 (Examples 54 and 55) . 
Compoimd 50 can be used as a building block for solid- 
phase peptide-like synthesis of oligonucleosides with 
reguleu: repeating elements depicted in square brackets in 
formula of compound 54. Compound 50 also CcUi be used as a 

30 building block for the synthesis of peptide-like 

oligonucleosides in solution as shown in Scheme VI 
(compounds 53 and 54, Examples 59-64) . 

Scheme VII illustrates the synthesis of peptide-like 
oligonucleosides 69 containing -OCH2CH2CH2N (X- 

35 B^]CH2C(=0)NHN(CH3)CH2- (3'-^4') intersugar linkages. The 
methodology of synthesis is similar to described in Scheme 
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VI. 

Scheme VIII illustrates the synthesis of 
trinucleoside phoshoramidite 18 and trinucleoside CPG 
derivative 17, containing the motif of formula B-1 (Fig. 1) 
5 starting from compoimds of general formula 13 (see Scheme 
I) . 

Scheme IX illustrates the synthesis of 5'- 
monomethoxytrytil protected trinucleoside (compound 71) 
with an abasic site containing an aminoalkyl linker, and 

10 conversion of that compound into phoshoramidite 72. 

Incorporation of phoshoramidite 72 into an oligonucleotide 
chain gives, after deprotection, an oligonucleotide having 
an amino modified (abasic) site (motif Fig. 12) in its 

structure, wherein the aliphatic amino-group is utilized as 

15 a site of selective attachment for various DNA-active 

groups, e.g., an acridine moiety (Structure C-1, Figure 7); 
a coralyne moiety (Structure C-8, Figure 9); or psoralen 
moiety (Structure D-1, Figure 10). 

Scheme X illustrates the synthesis of 5'- 

20 monomethoxytrytil protected trinucleoside (compound 74) 

with an abasic site containing an aliphatic mercapto group, 
and conversion of this confound into phoshoramidite 75. 
Incorporation of phoshoramidite 75 into an oligonucleotide 
chain gives, after deprotection, an* oligonucleotide having 

25 a mercapto modified (abasic) site (motif E-3, Fig. 12) in 
its structure, wherein the aliphatic amino-group is 
utilized as a site of selective attachment for various DNA- 
active groups, e.g., a psoralen moiety (Structure D-2, 
Figure 10) , 

30 Scheme XI illustrates the synthesis of trinucleoside 

phoshoramidite 75 containing a Fmoc-protected hydrazido 
modified abasic site (motif E-5, Fig. 13), 

Scheme XII illustrates the synthesis of 
trinucleoside phoshoramidite 81 with a 2, 3-di-O-Ac-l-O- 

35 carboxymethyl glycerol modified abasic site (motif E-4, 
Fig. 12). Incorporation of that trimeric unit into an 
oligonucleotide chain gives, after deprotection, an 
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oligonucleotide having a cis-diol modified abasic site 
(motif E-4, Fig. 12) in its structure, wherein a cis-diol 
group, after periodate oxidation, provides an aldehyde 
group as a site of attachment for various DNA-active 
5 groups . 

Scheme XIII illustrates the synthesis of 
phoshoramidite 83 with an abasic site containing a 
trifluoroacetyl protected aza-nitrogen in a trinucleoside 
backbone (motif E-1, Fig, 12). Incorporation of this 
10 trimeric unit into an oligonucleotide chain gives, after 
deprotection, an oligonucleotide with an abasic site, 
containing no substituencs at the aza-nitrogen in the 
trinucleoside backbone (motif £--1, Fig. 12) in its 
structure . 

15 Scheme XIV illustrates the synthesis of an activated 

ester of a carboxyl derivative of coralyne 88. Compound 
88 is used for postsynthetic modification of 
oligonucleotides containing an aminoallQrl linker with a 
coralyne moiety. 

20 Scheme XV illustrates the synthesis of an activated 

ester of a carboxyl derivative of psoralen 93. Compound 
93 is used for postsynthetic modification of 
oligonucleotides containing an aminoaDcyl linker with a 
psoralen moiety. 

25 Scheme XVI illustrates the synthesis of 

phoshoramidite 101 with several abasic sites containing 
trifluoroacetyl protected aza-nitrogens in an 
oligonucleoside backbone (motif E-9, Fig. 14). 
Incorporation of that unit into an oligonucleotide chain 

30 gives, after deprotection, an oligonucleotide having 

regular phosphodi ester oligonucleotide clusters connected 
with abasic polyoxaazaalkylene fragments containing no 
negatively charged phosphate groups in the fragment 
bacldbone (motif E-9, Fig. 14) in its structure. 

35 The following Examples illustrate, but not limit, 

the compounds and utilities of the present invention. 

All temperatures are in degrees Celsius (25**C refers 
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to ambient or room temperature) . All parts not otherwise 
indicated are by weight, except for mixtxires of liquids, 
which are by volume. The following abbreviations are 
employed: AcOEt for ethylacetate; DCE for 1,2- 
5 dichloroethane ; DCM for dichlorome thane; DIPEA for 

diisopropylethylamine; DMF for dimethylf ormamide ; DMSO for 
dimethyl sulfoxide; EtOH for ethanol; MeOH for methanol; THF 
for tetrahydrofuran; Py for pyridine; Phe for a phenyl 
radical; PPTS for pyridium p-toluenesulfonate; TFA for 

10 trifluoroacetic acid; Thy for a thymin-l-yl radical; Me for 
a methyl radical; Et for an ethyl radical; Gly for a 
glycine amino acid residue; dT for deoxythymidine ; DMT for 
a dime thoxytry til protecting group; MMT for a 
monomethoxytrytil (p-anisyldiphenylmethyl) protecting 

15 group; BOM for a benzyloxymethylene protecting group; CE 
for a cyanoethyl protecting group; Bzl for a benzyl 
protecting group; Hoc for a tert-butoxycarbonyl protecting 
group; t-Bu for a tert-butyl protecting group; THP for a 
tetrahydropyranyl protecting group; NMR for nuclear 

20 magnetic resonance spectrum; MS for mass spectrum; TLC for 
thin layer chromatography on silica gel; HPLC for high 
pressure liquid chromatography; mp for melting point; mp d 
for melting point with deconposition; bp for boiling point. 
In reporting NMR data, chemical shifts are given in ppm and 

25 coupling constants (J) given in Hertz (Hz) . All melting 
points Eu:e uncorrected. 

3-M-Benzyloxymothyl-5' -O- (p-anisyldiphonylaetliyl> 

30 thymidine, 1 

To a stirred solution of 5'-0-(p- 
anisyldiphenylmethyl) thymidine, (25.75 g, 50 mmole) in 
anhydrous DMF (350 ml) is added a suspension of 60% NaH 
{2.00 g, 50 mmole). The mixture is stirred at room 
35 temperature for 1 hour, and BOM-Cl (7.67 g, 49 mmole) is 
added. The mixture is stirred at room tempera tiire for 2 
hours, and DMF is evaporated. The residue is dissolved in 
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1 liter of a mixture AcO£t-H20« Organic layer is Wcished 

successively with water (2x250 ml) and brine (2x250 ml) , 
dried (MgSO^), evaporated in vacuo to dryness, and the 

residue is chromatographed over a silica gel column (8x35 
5 cm) using toluene/AcOEt (gradient of AcOEt from 10 to 40%) 
as eluent to give 3-N-3 ' -O- (di-benzyloxymethyl) -5 ' -0- (p- 
anisyldiphenylmethyl) thymidine, 4.15 g (11%), as white 
foam, and compound 1, 27,00 (85%), as white foam. ^H-NMR 
(CDCI3), 1: 7.59 (q, IK, '*J=1.0 Hz, Thy); 7.45-7.10 

10 (gm, 17H, Phe, BOM&MMT) ; 6.82 (m, 2H, Phe, MMT) ; 6.42 (m, 
IH, H-1', dT;; 5.45 (s, 2H, NCHj, BOM); 4.67 (s, 2H, OCHj, 

BOM); 4.53 (m, IH, H-3 ' , dT) ; 4.05 (m, IH, H-4 ' , dT) ; 3.75 
(s, OMe, MMT); 3.45 (m, IH, H-5\ dT) ; 3.32 (m, IH, H-5 ' , 
dT) ; 2.41 (m, IH, H-2' , dT) ; 2.25 (m, IH. H-2 ' , dT) ; 1.44 
15 (d, 3H, CH3, Thy). "C-NMR (CDCI3), 1: 163.5 (C-4, Thy); 

158.6 (C-4, Phe-OMe, MMT); 150.9 (C~2, Thy); 143.8&143.6 
(C-1, Phe, MMT); 137.7 (C-1, Phe, BOM); 134.7 (C-1, Phe- 
OMe, MMT); 134.5 (C-6, Thy); 130.3-125.2 (gs, C-2, C-3, C- 
4, Phe, BOM&MMT); 113.3 (C-3, Phe-OMe, MMT); 110.3 (C-5, 
20 Thy); 87.0 (-C{Phe)2Phe-0Me) ; 86.0 (C-1', dT); 85.3 (C-4', 

dT); 72.1 (C-3', dT) ; 72.0 (OCHj, BOM); 70.4 (NCHj , BOM); 

63.5 (C-5', dT); 55.1 (OMe, MMT); 41.0 tC-2', dT) ; 12.4 
(CH3, Thy) . 

25 B?^ftyip].^ 2 

3-N-Beazyloxyinotliyl-3 '-0- (2-cyanoethyl} -5'-0- (p- 
aaisyldlpheny Imethy 1 ) thymidine , 2 

To a stirred solution of compound 1 (12.70 g, 20 
mmole) in anhydrous THF (150 ml) is added a suspension of 
30 60% NaH (60 mg, 50 mmole) in one portion and dropwise neat 
acrylonitrile (5 ml) over 5 minutes. The resulting mixture 
is stirred at ambient temperature for an additional 1 hour. 
The mixture is evaporated in vacuo to dryness. The residue 
is dissolved in AcOEt (500 ml) . The organic layer is 
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washed with brine (2x250 ml), dried (MgS04) . evaporated in 
vacuo to dryness, cuid the residue is chromatographed over a 
silica gel column (4.5x30 cm) using toluene/AcOEt (gradient 
of AcOEt from 10 to 15%) as eluent to give con5)ound 2, 
12.66 g (92%), as a colorless oil. ^B-NMR {CDCI3) : 7.56 

(q, IH, <J=1.0 Hz, H-6, Thy); 7.45-7.15 (gm, 17H, Phe, 
BOM&MMT) ; 6.85 (m, 2H, Phe, MMT) ; 6.34 (m, IH, ^J^.. 

2, =5.7&8.0 Hz, H-1', dT); 5.49 (s, 2H, NCHj. BOM); 4.71 (s, 
2H, OCHj, BOM); 4-19 (m, IH. ^Jj._^.=2.3 Hz, H-3 ' , dT) ; 4.09 
(m, IH, ^J4,.5.=2.7 Hz, H-4'. dT); 3.79 (s, OMe, MMT); 

3 . 90&3 . 76 (m&m. IH+IH, H-5 ' ) ; 3 . 60 (m, * , OCHjCHjCN) ; 3 . 52 
(m, 3H with *, H-5', dT) ; 3.34 (dd, IH, 'J5..5.=10.6 Hz. H- 
5', dT); 2.54 (t, **, OCH2Cii2CN) ; 2.49 (m, 3H with **, ^j^,. 

3, =2. 2 Hz. 2j2._j.=13.6 Hz,H-2'. dT) ; 2.20 (m, IH, ^J^-.^.-e.! 
H2. 1.52 (d, 3H, CH3. Thy). "C-MKR (CDClj) : 163.4 (C-4, 
Thy); 158.8 (C-4, Phe-OMe, MMT); 150.9 (C-2, Tiv) : 143.7 
(C-1, Phe, MMT); 137.9 (C-1, Phe, BOM); 134.6 (C-1, Phe- 
OMe, MMT); 134.1 (C-6. Thy); 130.3-127.3 (gs, C-2, C-3, C- 

4, Phe. BOM&MMT); 117.4 (-CN) ; 113.3 {C-3, Phe-OMe, MMT) ; 
110.5 (C-5, Thy); 87.2 (-£( Phe) 2 Phe-OMe ) ; 85.3 (C-1'. dT) ; 
83.7 (C-4', dT)"; 80.3 (C-3', dT) ; 72.1 (OCHj, BOM); 70.4 
(NCH2, BOM); 63.9 (OCHjCHjCN) ; 63.5 (C-5', dT) ; 55.2 (OMe. 
MMT); 37.6 (C-2', dT); 18.8 (OCH2CH2CN) ; 12.5 (CHj. Thy). 

3-N-Ben2yloxymethyl-3 '-0- ( 2 -cyanoethyl) thymidine, 3 

A solution of compound 2 (12.04 g, 17.5 mmole) in 
3% TFA/DCE is kept at ambient temperature for 15 minutes. 
The reaction mixture is washed successively with 5% NaHCOj 
(3x150 ml) and water (2x150 ml), dried (MgS04) , evaporated 
in vacuo to dryness and the residue is chromatographed over 
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a silica gel column (4.5x20 cm) using 3% MeOH/CHClj as 
eluent to give compound 3, 6.90 g (95%), as a colorless 
oil. MS: tM+lJ=416; (M+l+NHj] =433 . ^H-NMR (CDCI3) : ^ ' 

(s, IH, H-6, Thy); 7.4-7.2 (gm, 5H, Phe, BOM); 6.12 (m, IH, 
H-1'); 5.48 (s, 2H, NCH2, BOM); 4.69 (s, 2H, OCHj, BOM); 
4.24 (ra, IH, H-3'); 4.09 (m, IH, H-4'); 3.90&3.76 (m&m, 
IH+IH. H-5'); 3.66 (m, 2H, OQIzCHsCN) ; 2.97 (t, IH, 5' -OH); 
2.61 (t, 2H, OCH2Ca2CN); 2.34 (m, 2H, H-2 ' ) ; 1.91 (s, 3H, 
CH3, Thy). "C-NMR {CDCI3) : 163.4 (C-4, Thy); 150.9 (C-2, 

Tuy); 137.8 (C-1, Phe, BOM); 135.6{C-6, Thy); 128.19Sc 
127.59&127.56(C-2. C-3, C-4, Phe, BOM); 110.2 (C-5, Thy); 
85.4 (C-1', dT); 84.8 (C-4', dT) ; 79.7 (C-3S dT) ; 72.1 
(bCHj, BOM); 70.4 {NCH2, BOM); 63.9 (OCH2CH2CN) ; 62.4 (C-5', 
dT); 36.9 (C-2', dT) ; 19.0 (OCH2£H2CN) ; 13.1 (CH3, Thy). 

Example 4 

3-N-Benzyloxy3nethyl-3 '-0- {2-cyaaoetliyl) -5 ' -O- 
(tetrahydropyran-2-yl) thymidine, 4 

To a stirred solution of compound 3 (6.90 g, 16.6 
mmole) in anhydrous DCM (150 ml) is added PPTS (100 mg, 0-4 
mniole) and dropwise DHP (5 ml) over 15 minutes. The 
resulting mixture is stirred at ambient temperature for an 
additional 3 hours. The reaction mixture is evaporated in 
vacuo to dryness, coevaporated with toluene (2x100 ml) , 
dissolved in AcOEt (250 ml) and washed successively with 5% 
NaHCOj (3x100 ml) and brine (2x100 ml) . The residue is 
chromatographed over a silica gel column (4.5x30 cm) using 
toluene/AcOEt (1/1) as eluent to give compound 4, 7.62 g 
(92%), as a colorless oil. MS: tM+l)=500; (M+I+NH3] =517 . 

^H-NMR (CDCI3): 7.59&7.52(m&m,lH, H-6, Thy); 7.40-7.20 
(gm, 5 H, Phe ,BOM); 6.31 (m, IH, H-1'); 5.49 (s, 2H, NCHj' 
BOM); 4.69 (s, 2H, OCE2' BOM); 4.61 (m, IH, H-1, THP) ; 4.22 
(m, 2H with H-3', H-4'); 4.20 (m, 2HwithH-4', H-3 ' ) ; 
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4.10-3.50 (gm, 6H, H-5' + H-5{THP) + OCHzCHjCN) ; 2.62 (t, 
2H. OCH2CH2CN); 2.45 (m, IH, H-2'); 2.05 (m, IH, H-2'); 
1.94SLl.91{sfics, 3H, CHj, Thy); 1.85-1.40 (gm, 6H, H-2, -3, -4, 
THP) . "C-NMR (CDCI3): 1G3.2 (C-4, Thy); 150.7 {C-2, Thy); 

5 137.8 (C-1, Phe, BOM); 134 . 3&134 . 0 (C-6, Thy); 

128.1&:127.5ficl27.4(C-2, C-3, C-4, Phe, BOM) ; 109 . 91&109 . 85 
{C-5, Thy); 99.9&:99.0 {C-1, THP); 85.7&85.6 (C-l', dT) ; 
83.5&83.3 (C-4', dT) ; 80.5&80.4 (C-3 \ dT) ; 71.9 (OCHj, 
BOM); 70.3 (NCHj, BOM); 67.5&67.2 (C-5', dT) ; 63.83&63,77 
10 (OCHzCHzCN); 63.3&62.8 (C-5, THP); 37.6&37.5 {C-2', dT) ; 

30.6&30.5 {C-2, THP); 25.02&24.97 (C-4, THP); 20.0&19.7 (C- 
3, THP); 18.8 (OCHaCHsCN) ; 13.1&12.9 {CH3, Thy). 

Example 5 

15 3-N-Beiizyloxymot:hyl-3 ' -O- (3-amixiopropyl) -5 ' -O- 
(tetrahydropyran-2-yl) thymidine, 5 

To a stirred solution of compound 4 (7.0 g, 14 
mmole) and CoCi2-6H20 (6.66 g, 28 mmole) in MeOH (150 ml) is 
added NaBH4 (4.48 g, 140 mmole) in four portions over 15 

20 minutes. The resulting mixture is stirred at ambient 

teirperature for an additional 1 hou;r and 28% NH4OH (70 ml) 
is added and stirred at ambient teirperature for 15 minutes. 
The mixture is centrifuged, the supernatant is kept and the 
precipitate is washed twice with MeOH. The combined 

25 supematants are evaporated, the residue is suspended in 
CHCI3, the insoluble material is filtered off and the 
filtrate is evaporated in vacuo to dryness. The residue is 
chromatographed over a silica gel column (4.5x25 cm) using 
CHCl3/MeOH/28%NH40H (100/3/0.25) as eluent to give coirpound 

30 5, 4.37 g (62%), as a yellowish oil. MS: [M+l)=504, ^H- 

NMR (CDCI3): 7.61&7.54 (q&q,lH, H-6, Thy); 7.45-7.20 (gm, 5 
H, Phe ,BOM); 6.32 (m, IH, H-1', dT) ; 5.49 (s, 2H, NQij, 
BOM)'; 4.70 (s, 2H, OCH2* BOM); 4.65&4.58 (mficm, IH, H-1, 
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THP); 4.20 (m. IH. H-4 ' , dT) ; 4.09 (m. *, H-3 ' , dT) ; 
4.08&3.95&3.69&3.57 (dd&dd&dd&m, *, H-5', dT) ; 3.90&3.56 
(m&m, *, H-5, THP); 3.50 (m, 7H with », OCH2CH2CH2NH2) ; 2.81 
(t, 2H. OCH2CH2CH2NH2) ; 2.44 (m, IH, H-2', dT) ; 2.00 (m, 
H-2', dT); 1.94&1.91(d&d, CH3, Thy); 1.72 (m, **, 

OCH2CH2CH2NH2) ; 1.78&1.57 (m&m. 12H with H-2, 
-3,-4, THP); 1.38 (bs, 2H, OCH2CH2CH2Mi2) • "C-NMR (CDCI3) : 
163.4 {C-4, Thy); 150.8 (C-2, Thy); 137.9 (C-1, Phe, BOM); 
134.4&134.2(C-6, Thy); 128 . 1&127 . 6&127 . 5 (C-2, C-3, C-4, 
Phe. BOM); 109.9 (C-5, Thy); 99.9&99.8 (C-l, THP); 
85.9&85.8 (C-l', dT); 83.8&83.7 (C-4', dT) ; 79.9&79.8 (C- 
3', dT); 72.0 (OCH2, BOM); 70.3 (NCHj, BOM); 67.9&67.4 (C- 
5', dT) ; 67.3&67.2 (OCH2CH2CH2NH2) ; 63.2&62.5 (C-5. THP); 
39.2 (OCHzCHaCHjNHj) ; 37.9&37.8 (C-2', dT) ; 33.29&33.26 
(OCH2CH2CH2NH2) 30.60&30.55 (C-2, THP); 25.12&25.09 (C-4, 
THP); 20.0&19.5 (C-3, THP); 13.1tl3.0 (CH3. Thy). 



Example 6 
3-N-Benzyloxymethyl-3 ' -O- ( 3- 

trif luoroacetamidopropyl) -5' -O- ( tetrahydropyran-2- 
yl ) thymidine , 6 

r 

A solution of compound 5 (4.00 g, 8.0 iranole) , DIPEA 
(0.5 ml) and CF3CCX)Et (7 ml) in anhydrous EtOH is Icept at 
ambient temperature overnight. The reaction mixture is 
evaporated in vacuo to dryness and the residue is 
chromatographed over a silica gel column (4.5x25 cm) using 
toluene/AcOEt (7/3) as eluent to give compound 6, 4.46 g 
(93%), as a colorless oil. MS: (M+l)=600; [M+1+NH3J=617 . 

^H-NMR (CDCI3) : 7.60&7.53 (qtq, IH, H-6, Thy); 7.40-7.20 
(gm, *, Phe , BOM); 7.30 (m, SH with *. NHCOCF3) ; 6.29 (m, 
IH. H-1'. dT); 5.49 (s, 2H, N£H2. BOM); 4.69 (s, 2H, 0CH2. 
BOM); 4.65&4.58 (m&m, IH, H-1, -mP) ; 4.17 (m, **, H-4', 
dT).; 4.14&4.09 (m&m, **, H-3', dT) ; 4 .07&3 .96&3 .71&3 . 57 
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(dd&dd&ddtm. **, H-5'. dT) ; 3.90&3.56 (ro&ni, **. H-5, THP) ; 
3.58 (m. **. OQHjCHjCHzNHCOCFj) ; 3.50 (m. lOH with 
OCH2CH2CH2NHCOCF3) ; 2.43 (m, IH, H-2', dT) ; 2.03 <m, ***, H- 
2', dT); 1.95&1.91(dtd, ***, CH3, Thy); 1.88 (in. ***, 
OCH2iaB2CH2NHCOCF3) ; 1.57&1.37 (m&ni. 12H with H-2, -3, -4, 

THP). "C-MMR (CDCI3): 163.4&163.3 {C-4, Thy); 157.0 (q. 
2j^.p=61.7 Hz, £(=0)CF3); 150.8 (C-2. Thy); 137.8 (C-1. Phe, 
BOM); 134.4&134.1 {C-6, Thy); 128.1&127.5 (C-2, C-3. C-4. 
Phe, BOM); 115.8 (q, ijc.p=287.4 Hz. C(=0)CF3); 110.0&109.9 
(C-5, Thy); 100.0&99.1 (C-1, TH^) ; 85.8&85.7 (C-1', dT) ; 

83.7683.6 (C-4', dT) ; 80.4&80.3 (C-3', dT) ; 72.0 (OCHj, 
BOM); 70.3 (NCH2, BOM); 67.9&67.8 (OCH2CH2CH2NHCOCF3) ; 
67.3&67.2 (C-5'. dT) ; 63.3&52.9 (C-5, THP); 38.4 
{OCH2CH2CH2NHCOCF3); 37.6&37.5 (C-2'. dT) ; 30.59&30.57 (C-2. 
THP); 28.3 (OCH2CP2CH2NHCOCF3) ; 25.1&25.0 (C-4, THP); 

20.1619.7 (C-3, THP); 13 . 1&12 . 9 {CH3. Thy). ".F-NMR 
(CDCI3): -76.23 (s, CZs)- 

Example 7 

3-N-Boii2yloacymethyl-3 ' -O- (benzyj.) thymidine, 7 

To a stirred solution of contpoxmd 1 (33.25 g, 50 
mmole) in anhydrous DMF (150 ml) is added a suspension of 
60% NaH.(2.4 g, 60 nnnole) and after 1 hour dropwise benzyl 
bromide (12.0 g, 8.4 ml. 70 mmole) over a period of 5 
minutes. The resulting mixture is stirred at ambient 
temperature overnight, and the DMF is evaporated in vacuo 
to dryness. The residue is dissolved in AcOEt (600 ml), 
washed successively with water (1x200 ml) and brine (2x200 
ml), dried (MgS04) and evaporated in vacuo to dryness. The 
residue is coevaporated with toluene (2x300). dissolved in 
3% TFA/DCE (700 ml) and kept at ambient temperature for 15 
minutes. The reaction mixture is washed successively with 
5%-NaHC03 (3x250 ml) and water (2x250 ml), dried (MgS04) 
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and evaporated in vacuo to dryness. The residue is 
crystallized from toluene/hexane to give compound 7, 17.42 
g (77%), as white crystals. Another 2.15 g (9.5%) of 
compound 7 can be isolated by chromatography of mother 
5 liquor over silica gel column (2.5x25 cm) using 

toluene/AcOEt (7/3) as eluent. {CDCI3) : 7,42 (q, 

IH, *J=0.9 Hz, H-6, Thy); 7.45-7,17 (gm, lOH, Phe 
,BOM&Bzl); 6.16 {m, IH, ^J^,,2'=^-3^'^-6 Hz, H-l\ dT) ; 5.48 
(s, 2H, NQij. BOM); 4.69 (s, 2H, OQlj, BOM); 4.57&4.50 (d&d, 
10 2H, 2j=ii,6 Hz, OCHj, Bzl) ; 4.26 (m, IH, Hz, ^j^.. 

2,=2.9&6.4 Hz,H-3',dT); 4.15 (m, ^J5,_4. =2.8&2.9 Hz, H-4S 
dT); 3.90&3.74 (dd&dd, 2H, ^j^.. 5, =11. 8 Hz, H-5', dT) ; 2.42 
(m, IH, 2j^,.2'=l^-^ H-2', dT); 2.03 (m, IH, H-2', dT) ; 

1.90{d, 3H, CH3, Thy). "C-NMR (CDCI3) : 163.4 (C-4, 

15 Thy); 150. 9 (C-2, Thy); 137.8 (C-1, Phe. BOM); 137,4 (C-1, 
Phe, Bzl), 135.6 (C-6, Thy); 128 . 5&128 . 2&127 . 9&127 . 6 {C-2, 
C-3, C-4, Phe, BOM&Bzl); 110.2 (C-5, Thy); 87.6 (C-1', dT) ; 
85.0 (C-4', dT); 78.6 (C-3', dT) ; 72.1 (OCHj, BOM); 71.5 

(OCH2, Bzl); 70,3 (NCHj, BOM); 62.8 (C-5', dT) ; 37.2 (C-2', 

20 dT) ; 13.2 (CH3, Thy) . 

Example 8 

3-N-Benzyloxymethyl-3 ' -O- (benzyl) -5 ' -o- 
( allyl ) thymidine / 8 

25 To a stirred solution of compound 7 (6.75 g, 15 

mmole) in anhydrous DMF (75 ml) is added a suspension of 
60% NaH (0.80 g, 20 mmole) and after 1 hour dropwise allyl 
bromide (3.02 g, 2.16 ml, 25 mmole) over 5 minutes. The 
resulting mixture is stirred at ambient temperature for 2 

30 hours, and the DMF is evaporated in vacuo to dryness. The 
residue is dissolved in AcOEt (300 ml), washed successively 
with water (1x100 ml) and brine (2x100 ml), dried (MgS04) 

and evaporated in vacuo to dryness. The residue is 
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chromatographed over silica gel column (2.5x25 cm) using 
toluene /AcOEt (9/1) as eluent to give compound 8, 7.05 g 
(95%), as a colorless oil. MS: [M+l)=493; (M+I+NH3] =510 . 

^H-NMR (CDCI3) : 7.60 (q, IH, *J=1.0 Hz, K-6. Thy); 7.40- 
7.15 (gm, lOH. Phe ,BOM&Bzl); 6.40 (m, IH. 3j^,.j.=6 . 0&7 .5 
H2, H-1', dT); 5.88 (m. IH, 'jQn.c„=10.2&17.4 Hz, ^Jch-ch2=5-4 
Hz. CH2=ai-CH2-) ; 5.48 (s, 2H. NCHj. BOM); 5.24 (m, 2H, 
ai2=CH-CH2-) ? 4.69 (s, 2H. QCHj. BOM); 4.57&4.48 (d&d, 2H. 
2j=11.9 Hz, OCHj, Bzl); 4.24 (gm, 2H, . H-3', -4', dT) ; 4.01 
(bd. 2H. CH2=CH-CH2->'' 3.72&3.56 (ddtdd. 2H, 2j5,_5.=io.2. 
,Hz, H-5', "=?;2 Hz, dT); 2.47 (m, IH, 2j2..2.=12.2 Hz, 

3j3,.2.=2.4 Hz H-2'; dT) ; 2.03 (m, IH. 3j^..2,=5.8 Hz, H-2 ' , 
dT); 1.89 (d, 3H, CH3, Thy). "C-NMR (CDCI3) : 153.3 (C-4, 
Thy); 150. 8 (C-2, Thy); 137.9 (C-1, Phe, BOM); 137.3 (C-l, 
Phe, Bzl), 134.5 (C-6, Thy); 133.8 (CH2=£H-CH2-) ; 
128.3&128.0&127.9&127.7&127.55cl27,4&127,3 (C-2, C-3, C-4, 
Phe, BOM&Bzl); 117.2 (£H2=CH-CH2-) ; 119.8 (C-5, Thy); 87.6 
(C-l', dT); 83.7 (C-4'. dT) ; 79.0 (C-3', dT) ; 72.1 (CH2=CH- 
CH2-); 71.9 (OCH2, BCM); 71.1 (OCHj., Bzl); 70.2 (NCH2. BOM); 
70.1 (C-5', dT); 63.3&62.9 (C-5, THP) ; 37.8 (C-2', dT) ; 
13.1 (CH3, Thy) . 

Example 9 

3 -N-Benayloxyaetbyl-3 ' -O- (benzyl ) - 5 ' -O- ( 3 - 
bromopropyl ) tbyaldlxxe, 9 

A dry 50-ml flask equiped with septum inlet, 
thermometer well, and magnetic stirrer is flashed with 
argon and then maintained under positive argon pressure. 
The flaslc is charged with a solution of compound 8 (4.5 g, 
9.1 mmole) in anhydrous THF (10 ml) and cooled to 0°C. A 
IM solution of BH3/THF (3.1 ml, 9.3 mmole) is added 
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dropwise over a period of 5 minutes. The resulting mixture 
is stirred for 30 min at 0**C and 30 min at ambient 
temperature. Then MeOH (60 fil) is added to destroy excess 
of hydride. The solution is cooled to -10°C euid bromine 
(1.94 g, 0.62 ml, 12.1 ramole) is added dropwise over 10 
minutes. Then a 4.34 M solution of NaOMe (3.5 ml, 15.2 
mmole) is added dropwise over 45 minutes at 0**C. The 
reaction mixture is diluted with AcOEt (150 ml) and washed 
successively with saturated NaHC03 (3x50 ml) and brine 
(2x50 ml) , dried (MgS04) and evaporated in vacuo to 

dryness. The residue is coevaporated with toluene (2x100 
ml) . The residue is chroma tographed over a silica gel 
column (4.5x25 cm) using toluene/AcOEt (gradient of AcOEt 
from 0 to 10%) as eluent to give compound 9, 2.10 g (40%), 
as a colorless oil. MS: (M+1] =573&575; IM+I+NH3] =590&592 . 

^H-NMR (CDCI3) : 7.45 (q. IH, *J=1.0 Hz, H-6, Thy); 7.40- 
7.10 (gm. lOH, Phe ,B0M6Bzl); 6.33 (m, IH. 3j^..2.=6 . 2&7 .2 
Hz, H-1', dT); 5,49 (s, 2H, NCHj' BOM); 4.69 (s, 2H, QCHj' 
BOM); 4.59fic4.49 (d&d, 2H, 2j=ii.8 Hz, OCH2, Bzl) ; 4.19 (gm, 
2H, , H-3'. -4', dT); 3.74 (dd, IH. 2jj..5,=10.6 Hz, ^Jj..^, 
=2.5 Hz, H-5'. dT) ; 3.61 (m. *, 0£H2CH2CH2Br) ; 3.57 (m, 3H 
with *, H-5'); 3.43 (t, 2H, OCH2£H2CH2Br) , 2.50 (m, IH, 
2. =13. 6 Hz, 3J3._2.=2.8 Hz, H-2', dT) ; 2.11 (m, **, 
OCH2CH2CH2Br) ; 1.97 (ra, 3H with **, H-2', dT) ; 1.91 (d, 3H, 
CH3, Thy). "C-HMR (CDCI3): 163.3 (C-4, Thy);150.8 (C-2, 
Thy); 137.9 (C-1, Phe, BOM); 137.3 (C-1, Phe, Bzl), 134.2 
(C-6, Thy); 128.4&128.2&127.9&127.9&127.6& 127,5 (C-2, C-3, 
C-4, Phe. BOM&Bzl); 109.8 (C-5. Thy); 85.8 (C-1', dT) ; 83.7 
(C-4', dT); 78.6 (C-3', dT) ; 72.1 (OCH2. BOM); 71.4 (OCH2, 
Bzl); 70.8 (C-5'. dT) ; 70.4 (NCHj. BOM); 69.9 
(OCH2CH2CH2Br) ; 37.9 (C-2'. dT) ; 32.4 (OCH2CH2CH2Br) ; 29.82 
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Example 10 

3-N-Benzyloxymetliyl-5' -0- (tetraliydropyran-2-yl) -3 ' - 

O- [ (4-N-trifluoroacetyl)-l,7-lieptaza-4- 

nediyl ] thymidylyl- ( 3 ' -»5 ' ) -3 -N-bonayloxymethyl-B ' -O- 

(benzyl ) thymidine , 1 0 

To a stirred solution of compound 6 (2.00 g, 3.3 
mmole) in anhydrous DMF (10 ml) is added a suspension of 
60% NaH (140 mg, 3.5 mmole) and after 1 hour a solution of 
compound 9 .(2.00 g. 3.5 mmole) in anhydrous DMF (5 ml). 
The resulting mixture is stirred overnight at SCC. and 
cooled to ambient temperature. Another portion of 60% NaH 
(40 mg. 1 mmole) is added and after one hour a solution of 
compound 9 (600 mg, 1.0 mmole) in anhydrous DMF (2 ml) is 
added. The resulting mixture is stirred overnight at 50*C, 
cooled to ambient tenperature and the DMF is evaporated in 
vacuo to dryness. The residue is dissolved in AcOEt (ICQ 
ml), washed successively with water (1x30 ml) and brine 
(2x30 ml), dried (MgSO^) and evaporated in vacuo to 
dryness. The residue is chroma tographed over a silica gel 
column (2.5x25 cm) using toluene/AcOEt (gradient of AcOEt 
from 10 to 50%) as eluent to give cbmpound 10. 2.99 g 
(83%), as a white foam. *H-NMR (CDCI3) : 7 .61&7.53 (mSdti, 
IH, H-6, dTi) ; 7 .48&7 .36 (mtm, *. H-6, dTj) ; 7 . 40-7 .20 (gm. 
16H with *. Phe .BOM); 6.34 (m. 2H, H-1', dTi&dTj); 5.48 
(s, 4H, NCHz. BOM); 4.69 (s. 2H. OCH2. BOM); 4.62 (m, **, H- 
1, THP): 4.54 (m. 3H with **. OCHj. Bzl) ; 4.19 (m, H- 
4', dTi&dT3); 4 . 19&4 .08&4 . 03 (m&m&m, 4H with***, H-3', 
dTi&dTj); 4.00-3.40 (gm. 14H. H-5', dT^tdTj; H-5. THP; 
O£H2CH2CH2N(COCF3)CH2CH2£H20);; 2.45 (m, 2H. H-2'. dTi&dT3) ; 
2.00 (m, ****, H-2', dTi&dTj); 1 . 95&1 . 93&1 . 91 (s&s&s , •***. 
CHj. Thy); 1.85 (m. ****, OCH2ai2CH2N(COCF3)CH2£H2CH20) ; 
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1.80&1.56 (m&m. 18H with ♦***, H-2.-3,-4, TOP). "C-KMR 
(CDCI3): 163.36&163.31&163.26 (C-4. dTi&dTj) ; 156.6 (m. 
C(=0)CF3); 150.87&150.85&150.81&150.75 {C-2. dTj&dTj); 

137.88&137.86tl37.84 (C-1, Phe, BOM); 137.4&137.3 (C-1, 
Phe. Bzl); 134,42&134.30&134.1& 134.06 (C-6, dT^ftdTj) ; 

128.4-127.5 (gs. C-2, C-3, C-4. Phe, BOM); 116.4 (q. 
F=288.1 Hz, C{=0)CF3); 110 . lO&lOO . 04&109 . 98&109 . 87 (C-5, 
dTj&dTj); 100.0&99.1&98.9 (C-1. TOP); 85 . 82&85 . 72&85 . 70 (C- 
1', dTi&dTj); 83.67&83.62&85.55&83.47 (C-4'. dTi&dT3) ; 
80.55fic80.46 (C-3', dTj) ; 79.13fii78.83&78.74 {C-3'. dTj) ; 
72.0 (OCHj. BOM); 70.3 (NCHj. BOM); 71.34&71.30fii71.30 (OCHj, 
Bzl); 71.12fii70.92&70.86 (C-5', dTj); 70.3 (NCHj. BOM); 
69.44£t68.42&68.36 (OCHzCHjCHjN, dTj) ; 68 . 0&67 . 9&67 , 6 
(OCHjCHjCHjN, dTi); 66 . 44&66 . 39&65 . 91&65 . 84 (C-5'. dTj) ; 
63 .42&:62.86& 62.71 (C-5, THP) ; 45 .2&44 . 8&44 . 1 
(£H2N(COCF3)CH2) ; 37 .78&37 . 63&37 . 58 (C-2', dTjfiidTa) ; 

32 . 23&29 . 03&28 . 90&27 . 14 (OCHjCHjCHjN (COCF3 ) CHjCHjCKjO) ; 
30.6&30.5 (C-2, TOP); 25.11&25.06 (C-4, TOP); 
20.1&19.7ficl9.6 (C-3. THP); 13 .3&13 .2ficl3 .1&13 . 0 (CH3. Thy). 

"f-NMR (CDCI3): -69.12fit69.16 (s&s.'CZj). 

Example 11 
5 ' -O- < tet:7abydropyrazi-2-yl) - 3 ' -O- I (4-N- 
tri£luoroaeetyl) -1, 7-heptaza-4-Bediyl] thymidylyl- 
(3 '-»5' ) -thymidine, 11 

To a stirred solution of compound 10 (2.18 g, 2.0 
nrniole) in a mixture of AcOEt/MeOH (1/1) (50 ml) is added 
10% Pd/C (Degussa type, Aldrich) (1.1 g) . The flaslc is 
evacuated and then flushed 3 times with hydrogen and 
finally filled with hydrogen at 40 to 50 psi. The 
resultant suspension was stirred vigrously at 23°C for 14 
hours. The suspended material is filtered off through a 



-57- 



wo 97/27206 PCTA;S97/01236 

pad o£ Celite in a Buchner funnel and then the txuinel is 
rinsed several times with a small portion of AcOEt and 
MeOH. The combined filtrate and washings is evaporated in 
vacuo to dryness. The residue is chromatographed over a 
silica gel column (2.5x25 cm) using 3% MeOH/CHCl3 as eluent 
to give compound 11, 1.32 g (87%), as a white foam. MS: 
[M+ll=762; [M+1+NH3]=779. *H-NMR (CDCI3) : 

9.96Sc9.87&9.75t9.67 (bs&bs&bs&bs, 2H, NH, Thy) ; 
7.64&7.56&7.54fit7.45 (bs&bs&bs&bs , 2H, H-6, dTj&dTs) ; 6.32 

(gm, 2H, H-1'. dTitdTj) ; 4.6564.57 (bs&bs, *, H-1, THP) ; 

4.51 (m, 2H with *, H-3', dTj); 4.19 (m. IH, H-4', dTi) ; 

4.09 (m, **, H-4', dT3); 4.07 (m, **, H-3', dTi) ; 4.1-3.40 

(gm, 16H with **, H-5', dTj&dTj; H-5, THP; 

0£H2CH2Cfi2N{COCF3)£H2CH2CH20) ; 2.41 (m, 2H. H-2 ' , dT) ; 

2.15&2.00 (m&m, ***, H-2', dT) ; 1.94fitl.90 (s&s. CH3, 

dTi&dTj); 1.90 (m, ***, 0CH2£H2CH2N(CCX:F3) CH2CIi2CH20) ; 

1.80&1.59 (m&m, 18H with ***, H-2, -3, -4, THP). "C-NMR 
(CDCI3): 164.1&164.0 (C-4, dTi&dTj); 156.8 (ro, £(=0)CF3); 
150.9&150.6 (C-2, dTi&dTj); 135.9&135.7&135.6& 135.3 (C-6. 
dT^&dTj); 116.4 (q, iJc.p=290.3 Hz, C(=0)£F3) ; 
111.3&111.2&109.98&110.8&110.7 (C-5, dTi&dT3) ; 
100.1&99.1&99.0 (C-1. THP); 85.7&85.6 (C-4', dTj) ; 
85.22&85.12&85.08 (C-1', dTi&dTj) ; ' 83 . 65&83 .49 (C-4', dTj) ; 
80.94&80.77 (C-3', dTx) ; 71.9&71.6 (C-3', dTj) ; 
71.0&70.5&70.86&68.4&68.2&67.8&66.5&66.0St65.5 ( C-5', dTj; 
OCHjCHjCHjN, dTi&dTj); 66 .44&66 .39&65 .91&65 . 84 (C-5', dTi); 
63.5Sc63.0& 62.8 (C-5, THP); 45 . 6&45 .2&44 . 5 (£H2N(COCF3)QH2) ; 
40.5 (C-2', dTj); 37.9&37.7 (C-2', dT^) ; 30.72&30.66 (C-2. 
THP); 29.14&29.05&27.09& 26.98 

( OCH2CH2CH2N ( COCF3 ) CHjCHjCHjO ) ; 2 5 . 2 12 5 . 1 { C - 4 , THP ) ; 
20..2£cl9.8&19.7 (C-3, THP); 12 . 6&12 . 5&12 . 3 (CH3, Thy), "f- 
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Example 12 

5 ' -O- (tetrahydropyran-2-yl) -3 ' -O- ( 1, 7-heptaza-4- 
5 aodiyl) thymidylyl- (3 ' ') -thymidine, 12 

A solution of conpound 11 (1.14 g, 1.5 mmole) in 20 
ml of a 3:1 mixture of 12% NH3/EtOH - 28% NH4OH is kept at 

65°C overnight. The reaction mixture is cooled euid 
evaporated in vacuo to dryness and the residue is 
10 chromatographed over a silica gel coliiron (4.5x25 cm) using 
CHCl3/MeOH/28%NH40H (95/5/0.5) as elfent to give compound 

12, 0.96 g (96%). as a white solid. MS: (M+l]=666. *H- 
NMR (CDCI3): 7.64&7.55 (bs&bs, 2H, H-6, dTi&dT3) ; 6.30 (gm, 
2H, H-1', dTi&dTj); 4.66&4.59 (bstbs. IH, H-1. THP) ; 4.49 

15 (m. IH, H-3', dTj); 4.20 (m, IH, H-4', dTj); 4.06 (m. *, H- 
4', dTj); 4.00 (m, *. H-3', dTj) ; 3.94&3.55 (m&m, *, H-5', 
dTi); 3.80&3.52 (m&m,*.; H-5, THP); 3.58 (m, *. H-5', dTj) ; 
3.52 (m, 12H with *. QCHjCHsCHjNHCHjCHjCHjO) ; 2.75 (gm, 4H, 
OCH2CH22H2NH£H2CH2CH20) ; 2.38 (gm, 2H. H-2 ' , dT^ScdTj) ; 2.20 

20 (m, IH, H-2', dTj); 2.01 (m, **, H-2', dT^) ; 1 . 93&1 . 90 
(s&s, **, CH3, dTi&dTj); 1.75 (m, •*', 

OCHjQJjCHjNHCHjCHzCHjO) ; 1.70&1.57 (m&m, 17 H with *♦, H-2,- 
3.-4. THP). "C-MMR (CDCI3) :' 164 . 4&164 . 3 (C-4. dT^&dTj) ; 
150.83&150.75 (C-2, dTi&dT3) ; 136.0 (C-6, dT3) ; 

25 135.7&135.5(C-6. dTj) ; 111 .02&110 . 95 (C-5, dTj) ; 110.7 (C- 
5, dTj); 100.0&99.0 (C-1. THP); 85.6 {C-4', dTj) ; 85.2&85.1 
(C-l', dTi&dTj); 83.8&83.7 (C-4', dTj) ; 80.5&80.3 (C-3 ' , 
dTi); 71.7 (C-3', dT3) ; 70.6&69.9 (C-5', OSHzCHjCHoN. dTj); 
68.16&67.8 ( OCH2CH2CH2N, dTi); 67.72&67.67 (C-5', dTj); 

30 63.3&62.8 {C-5. THP); 47.1&47.0 {£H2NHCH2) ; 40.6 (C-2', 
dT3); 37.84&37.78 (C-2', dT^) ; 30.7 (C-2. THP); 29.45 
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(NCHzCHzCHjO. dTa); 29 . 2&27 . 09&26 . 98 (OCHzCHjCHjN. dTj) ; 25.2 
(C-4, THP); 20.1&19.7 (C-3. THP) ; 12.7 (CH3, dTj) ; 
fiil2.6&12.4 {CH3, dTi). 

5 ' -O- (totrabydropyran-2-yl) -3 ' -O- {4-N- [ { thymine- 1- 
y 1 ) acetyl 1-1*7 -hept axa-4 -aediyl ) thymidylyl - ( 3 ' -» 5 ' ) - 

thymidine, 13a 

A solution of compound 12 (333 mg, 0.50 inmole) , 

pentafluorophenyl ester of thymine- 1-yl ace tic acid (210 mg, 
0.60 mmole) and DIPEA (0.6 mmole) in anhydrous DMF (3.0 ml) 
is kept at ambient temperature for 2 hours and the DMF is 
evaporated. The residue is chromatographed over a silica 
gel column (2.5x25 cm) using CHCl3/MeOH/28%NH40H (97/3/0.1) 
as eluent to give compound 13a. 407 mg (98%). as a white 
solid. MS: tM+l]=832, tM+NH3]=848, [M+I+NH3] =849 . %-NMR 

tCD30D) : 7.76&7.68&7.65&7.58 (m&m&m&m, 2H, H-6, dTi&dT3) ; 

7.31&7.28 (IH. H-6. Thyj) ; 6.25 (gm, 2H, H-1'. dTi&dTj) ; 

4.67&4.62 (sts, *, C(=0)S2i2Thy) ; 4.64 (m. 3H with *. H-1. 

THP); 4.39 (m, IH, H-3', dTj) ; 4.20 (m. **, H-4 ' . dTj) ; 

4.15 (m. 2Hwith **, H-3'. dT^) ; 4.80 (m. H-4', dTj) ; 

3.95&3.64 (m&m. H-5'. dT^) ; 3.89&3.52 (m&m,***. H-5. 

THP); 3.60 (m, H-5', dTj) ; 3.70-3.40 (gm, 15H with 

***, C5CH2CH2Q12N) ; 2.40 (m. IH. H-2', dTj) ; 2.24 (m, ****, 

H-2'. dTj); 2.14 (m. 3H with H-2'. dTj) ; 1.90 (gm, 

OCH2CH2CH2N) ; 1.89£cl.88&1.86 (s&s&s, ••***, CH3, 

Thy); 1.76&1.56 (m&m, 19H with H-2, -3.-4. THP). "C- 

NMR (CD3OD): 175.5&175.3 (£(=0)CH2Thy) ; 168.7tl68.7. 
167.0&166.9. 166.2&166.1 (C-4, Thy); 155.0&154.6. 
153.02&152.98. 152 .25&152 .19 (C-2. Thy); 144.1 (C-6. Thyj) ; 
137.9&137.8&137.5 (C-6. dTi&dTj) ; 111.6&111.4tll0.7 (C-5. 
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Thy); 101.4&100.3 THP) ; 87.5&87.1 (C-4', dTj); 

86.6&86.4, 85.6&85.4 (C-1', dTi&dTj); 85.2&83.7 (C-4', dT^) ; 
81.8&81.7 dTi); 72.9&72.5 (C-3', dT3) ; 

71,9&69.9&68.9&67.7&66.5 (C-5', dTj&dTa, OCHjCHjCHjN, ) ; 
64.4&63.6&63.5 (C-5, THP); 50.0 (C (=0)CH2Thy) ; 
45-3&44.8&44,7 (-CHjN (C (=0) CHjThyjCHj-) ; 

41.2&41.0&38.4&36.4&36.3&34.9&34.3(C-2', dT^ftdTa); 31.8 (C- 
2, THP); 29.8&29.6&28.8 (NCHjCHjCHjO, dT^&dTj); 26.5 (C-4, 
THP); 21.3&20.7 (C-3, THP); 12 . 9&12 .7&12 . 6&12 . 4 (CH3, Thy). 

Example 14 
5 ' -O- ( tetrahydropyran-2-yl) -3 ' -O- {4-N- [ 
(isobutyryl) cytidine-l-yl) acetyl] -1, 7-hepta2a-4- 
nediyl}thymidylyl- {3'-4 5' ) -thymidine, 13b 

A solution of compound 12 {333 mg, 0.50 mmole) , 
pentafluorophenyl ester of [4-N- (isobutyryl) cytidine-l- 
yljacetic acid (243 mg, 0.60 mmole) and DIPEA (0.6 mmole) 
in anhydrous DMF (3.0 ml) is kept at ambient teitperature 
for 2 hours and the DMF is evaporated. The residue is 
chromatographed over a silica gel column (2.5x20 cm) using 
CIHClj/MeOH (gradient of MeOH from 0,to 7%) as eluent to 

give compound 13b, 422 mg (95%), as a white solid. The 
structure is confirmed by ^H- and ^^C-NMR. 

Example 15 

5 ' -O- (tetrahydropyran-l-yl) -3 ' -0-(4-N- [ (6-N- 

( phenoxy ac e ty 1 ) adenine - 9 -y 1) acetyl ] - 1 , 7 -hep t a 2 a - 4 - 

nediyDthymidylyl- (3 '-*5M -thymidine, 13c 

A solution of compound 12 (333 mg, 0.50 mmole), 

pentafluorophenyl ester of (6-N- (phenoxyacetyl) adenine-7- 
yl] acetic acid (296 mg, 0.60 mmole) and DIPEA (0.6 mmole) 
in anhydrous DMF (3.0 ml) is kept at ambient temperature 
for 2 hours and the DMF is evaporated. The residue is 
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chroma tographed over a silica gel colunui (2.5x20 cm) using 
CHClj/MeOH (gradient from 0 to 7%) as eluent to give 

compound 13c, 412 mg (87%) , as a white solid. The 
structure is confirmed by ^H- and "c-NMR. 

Example 16 

3/_0-{ [4-N- ( thymino-l-yl) acetyl J -1, 7-heptaza-4- 
nodiyl}thymidylyl-(3'-»5' )- thymidine , 14a 

A solution of compound 13a (300 mg, 0.40 mmole) and 
PPTS (300 mg, 0.4 mmole) in anhydrous EtOH (6 ml) is kept 
at 35°C overnight. The reaction mixture is chroma tographed 
over a Sephadex LH-20 colvunn (3.0x120 cm) using MeOH as 
eluent with a flow rate of 10 ml/h to give compound 14a, 
287 mg (96%), as a white solid. MS: [M+l)=748, 
[M+1+NH3]=763. ^H-NMR (CD3OD) : 7 . 68&7 .59t7 . 50 (m&m&m, 2H, 
H-6, dTi&dTj); 7.23&7.20 (IH, H-6, Thyj) ; 6.14 (gm, 2H. H- 
1', dTi&dTj); 4.58&4.55 (s&s, 2H, C(=0)£a2Thy) ; 4.30 (m, IH, 
H-3', dTj); 4.09&3.98 (m, *, H-3 ' , dTj) ; 3.95-3.85 (gm, 3H 
with *, H-4', dTi&dTa); 3.70-3.50 (gm. **, H-5', dTi&dTa); 
3.60-3.30 (gm, 12H with OCHjCHjEHzN) ; 2.35-1.95 (gm, 4H, 
H-2', dTi&dTj); 1.95-1.65 (gm, ^CXaizCHzCHjN) ; 

1.78&1.77&1.76 (S&S&S, ***. CH3, Thy). "C-KMR {CD3OD) : 

168.9&168.8, 167.1&167.0, 166.4&166.3 (C-4, Thy) ; 
153.14&153.03, 152.39&152.34&152.27 (C-2, Thy); 144.2 (C-6, 
ThYz); 139.1&138.0 (C-6, dTi^dTj); 
111.70Sclll.67Silll.61tlll.46&110.76 {C-5, Hiy) ; 
87.6&87.lSt86.6 (C-4', dTj&dTj) ; 86.5&86.4&86.3 (C-l* , 
dTi&dTj); 85.2&83.7 (C-4', dT^) ; 81.2&81.0 (C-3 ' , dT, ) ; 
72.9&72.4 (C-3', dTj) ; 71 . 9&69 . 9&68 . 8&67 . 8&66 . 7 (C-5', dTj . 
OCHjCKjCHjN, ) ; 63.3 (C-5', dT^) ; 50.1Sc49.9 ( -C (=0) CHjThy ) ; 
45.4&45.2&44.8 (-£H2N(C(=0)CH2Thy)£H2-) ; 41 . 2&41 . 0&38 . 1 (C- 
2 • dTi&dTj ) ; 29 . 8&29 . 5&28 . 8 (NCH2£H2CH20 , dTjfitdTj ) ; 
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12.9&12.6&12.4 (CH3, Thy). 

Example 17 

3 ' -O- ( [4-N- (cytidine-l-yl) acetyl] -1,7 -hepta2a-4- 
5 nediyDthymidylyl- (3 '-^5' ) - thymidine, 14b 

A solution of compoxind 13b (355 mg, 0.40 mmole) in 
5 ml of EtOH saturated with NH3 is kept at ambient 

temperature overnight. The reaction mixtxire is evaporated 
in vacuo to dryness. The residue and PPTS (3 00 mg, 0.4 
10 mmole) in anhydrous EtOH (6 ml) is kept at 35°C overnight. 

The reaction mxxture is chroma tographed over a Sephadex LH- 
20 column (3.0x120 cm) using MeOH as eluent with a flow 
rate of 10 ml/h to give compound 14b, 280 mg (87%) . 

15 Example 18 

3 ' -O- {4-N- [ (adenine-9-yl> acetyl] -1, 7-heptaza-4- 
nodiy 1 ) thymidyly 1 - ( 3 ' 5 ' ) - thymidine , 14c 

Compound 13c (380 mg, 0.40 mmole) is treated as 
described in Example 17 to give compound 14c, 240 mg 
20 (82%) . The structure is confirmed by 

B;«?iffipl? 1? 

5 ' -O- (p-anxsyldiphenylmothyl ) -3 ' -O- { [4-N- { thymine- 
1-yl) acetyl] -1, 7-heptaza-4-neaiyl) thymidylyl- 
25 (3 '->5M -thymidine « 15 

A solution of compound 13a (225 mg, 0,30 mmole) and 
PPTS (300 mg, 0,4 mmole) in anhydrous EtOH (6 ml) is kept 
at 35*^0 overnight. Anhydrous Py (20 ml) was added to the 
reaction mixture. The reaction mixture is evaporated in 
30 vacuo and then coevaporated with anhydrous Py (3x10 ml) , 
dissolved in anhydrous Py (5 ml) and MMT-Cl (110 mg, 0.3 6 
mmole) is added. The reaction mixture is kept overnight at 
ambient temperature, then MeOH (100 Jil) is added and after 
30 minutes the reaction mixture is poured in CHCI3 (50 ml) . 
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The organic layer is washed with NaHCOj {3x15 ml), brine 

(2x15 ml), dried {MgS04) , evaporated in vacuo to dryness, 

and the residue is chromatographed over a silica gel coluinn 
(2.5x10 cm) using CHCl3/MeOH/28%NH40H (97/2/0.1) as eluent 

to give conpound 15, 279 mg (91%), as a white foam. ^H- 
NMR (acetone-dg) : 7 . 66&7 . 60&7 .59 (m&m&m, 2H, H-6, dTj&dTs); 

7,50-7.20 (gm, *, Phe, MMT) ; 7,24 (m, 13H with*, H-6, 
Thya); 6.92 (m, 2H, Phe, MMT); 6.29 (gm, 2H, H-1', dTi&dTj); 
4.65 (m, 2H, C (=0)QJ2Thy) ; 4.48 (m, IH, H-3 ' , dTj) ; 
4.34&4.27 (m, IH, H-3*, dTj) ; 4.17t4.11 {m&m, IH, H- 
4'.dTi); 4.00 (m&m, IH, H-4',dT3); 3.78 (s, 3H, OCH3, MMT) ; 
3.75&3.62 (m&m, **, H-5' , dT3) ; 3.75-3.30 (gm. 12H with **, 
OCH2CH2CH2N) ; 3.38 (m, **, H-5', dT3); 2.38 (m. ***, H-2 ' , 
dTj); 2.22 (m, 4H with ***, H-2', dTj). 2.05-1.75 (gm, *•**, 
OCH2CH2CH2N) ; 1.83&1.81&1.79&1.77&1.48 (s&s&s, 13H with 
****, CH3, Thy). ^H-NMR (DMF-d.,) : 7.68&7.66 (m&m, 2H, H-6, 
dTi&dT3); 7.60-7.20 (gm, 13H, Phe, MMT; H-6, Thyj) ; 6.98 (m, 
2H, Phe, MMT); 6,34 (gm, 2H, H-1', dTi&dT3) ; 5,44 (t, IH, 
3' -OH. dTj); 4.72 (bs, 2H, C (=0)£H2Thy) ; 4.43 (m, IH, H-3', 
dTj); 4.36&4.30 (m, IH, H-3', dTj) ;' 4 . 18&4 . 11 (m&m, IH, H- 
4',dTi); 4.01 (in&m, IH, H-4',dT3); 3.82 (s, *, OCH3, MMT); 
3,78&3.62 (m&m, *, H-5', dT3) ; 3.40 (ro, *, H-5'. dTi) ; 
3.75-3.30 (gm. 15H with OCHjCHjCHzN) ; 2.44 (m. 2H, H-2'. 
dTi); 2.25 (m, 2H, H-2', dTj). 2.00-1.70 (gm, **, 
OCH2CH2CH2N) ; 1.86&1.84&1.81&1.79&1.56 (s&s&s&s&s, 13H with 
**, CH3, Thy). "c-NMR (DMF-d,) , only proton correlated 
carbons: 142.8 (C-6, Thyz) ; 136.2&136.0 (C-6, dTi&dTj); 
130.6&128.6&128.2&127.3&113.5 (Phe, MMT); 86.3&86.1 (C-4', 
dT3); 84.7&84.5 (C-1', dTj&dTj) ; 83.7 {C-4', dTj ; 80.0&79.8 
{C-3', dTi); 71.8&71.6 (C-3 ' , dTj) ; 71.1 (C-5', dTj) ; 
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&68.9&67.9&67.0&65.9 (OCHjCHjCHjN, ) ; 64.6&64.5 (C-5', dTi) ; 
55.2 (OCH3, MMT); 48.6 

(-C(=0)CH2Thy) ; 43.9&43.4&43.2 { -CH2N(C (=0) CH2Thy)£H2-) ; 
39.9 (C-2', dTj); 36.9 (C-2 ' , dTj) ; 29 . 0&28 . 8&28 . 0 
5 (NCHjCHjCHjO, dTi&dTj); 12 .2Jcll . 9&11 , 8 {CHj, Thy). 

Example 20 

5 ' -O- (p-aaisyldiphenylmothyl) -3 ' -O- { [4-K- (thymine- 
1-yl) acetyl] -1, 7-heptaza-4-nediyl)thymidylyl- 
10 (3 '-*5') -3 '-O-(succinoyl) thymidine, 16 

Compound 15 (252 mg, 0.25 mmole) is coevaporated 
with anhydrous Py (3x5 ml) and dissolved in Py (3 ml) . 
Succinic anhydride (100 mg, 1 ramole) and DMAP (30 mg, 0.25) 
is added, and reaction mixture is kept at ambient 
15 temperature overnight. A 1:3 mixture of HjO/Py (4 ml) is 

added and kept 1 hour at ambient temperature. The reaction 
mixture is evaporated, the residue is dissolved in CHCI3 

(25 ml), washed successively with cold 0.5 M citric acid 
(3x10 ml) and brine (2x10 ml) , dried (MgS04) and evaporated 
20 in vacuo to dryness. The residue is coevaporated with 

anhydrous dioxane (2x5 ml) and lyopjiylized from anhydrous 
dioxane (3 ml) to give compound 16, 270 mg (97%) . 
(acetone-dg) : 7 . 66&7 . 64fit7 . 60 (m&m&m, 2H, H-6, dTi&dT3) ; 7.49 

(m, 4H, Phe, MMT); 7.40-7.20 (gm, *, Phe, MMT); 7.23 (m, 
25 9H with *, H-6, Thyz) ; 6.92 (m, 2H, Phe, MMT); 6.29 (gm. 

2H, H-1', dTi&dTj); 5.35 (m, IH, H-3 ' , dT3);4.65 (m. 2H, 

C(=0)CH2Thy); 4.32 (m, IH, H-3', dTi) ; 4.16 (gm, 2H, H- 

4',dTi); 4.00 (m&m, IH, H-4', dTj&dTa); 3-79 (s, **. OCH3. 

MMT); 3.90-3.20 (gm, ISH- with **, H-5', dTj&dTj; 

30 OCHjCHjCHjN) ; 2.63&2.62 (s&s, 4H, -OOCCH2CH2COOH) ; 2.35 (gm. 

4H, H-2', dTi&dTj) ,. 1.95-1.75 (gm, OCH2£H2CH2N) ; 

1.84&1.82&1.79ficl.77&1.48 (s&s&s, 13H with *•*, CH3, Thy). 
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"C-NMR (acetone-dg) , only proton correlated carbons: 142.7 

(C-6, Thyj); 136.0 {C-6, dTi&dTa); 

129.9&128.9&128.4&127.5&113-7 (Phe, MMT) ; 
85.2&85,1&84.9&84.1&83.9 (C-l*, dTi&dTa) ; 80.4&80.2 

(C-3', dTi); 76.2&75.6 (C-3 ' , dTj) ; 71.2 (C-5', dT^) : 
69.2&67.9&67.2&66.0 (OCHjCHjCHsN, ) ; 64.7&64.6 dT^) ; 

55.2 (OCH3, MMT); 48-8 (-C (=0)CH2'rhy) ; 44 -3&44 -2&43 . 7&43 ,5 

(-£H2N(C(=0)CH2Thy)£H2-) ; 37,5 (C-2', dTi&dTj); 
29.30St29.28&29.20fi:28.74&28.26 ( -NCH2CH2CH2O- & - 
OOCCH2CH2COOH) ; 12.4&12.30&11.90&11.80 (CH3, T^^y) . 

Example 7,1 
CPG bound trinucleoside 16/ 17 

Trinucleoside 16 is converted to the succinimide 
ester and treated with long chain alkylamine CPG (500 A, 
Sigma) . The resulting CPG 17 with a loading of 15-20 
^imole/g is used for solid phase oligonucleotide synthesis 
according standard protocols. 

Example 22 

5 ' -O- (p-anisyldiphoaylmethyl ) -3/ -O- { [4-N- ( thymine- 
1-yl) acetyl] -1/ 7-h©ptaza-4-nodiyl} tbymidylyl- 

(3 #_>5 ' ) -3 ' - [ (fi-cyanoothoxy) -N- 

{ di i sopr opy 1 ) pho spbiryl 1 thymidine , 1 8 

Compound 15 (504 mg, 0.5 mmol) is dissolved in 
anhydrous dichlorome thane (7 ml) under an argon atmosphere. 
Diisopropylethylamine (0.22 ml, 1.23 mmol) is added and the 
reaction mixture cooled to -30**C. 

Chloro (diisopropylamino) -S-cyanoethoxyphosphine (0.75 mmol) 
is added to the reaction mixture and the reaction mixture 
is allowed to warm to 20°C and stirred for 4 hours. 
Ethylacetate (40 ml) and triethylamine (0.5 ml) are added 
and the solution is washed with brine solution (3 x 20 ml) . 
The organic phase is separated and dried over sodium 
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sulfate. After filtration of the solids the solvent is 
evaporated in vacuo at 20®C to an oil that is then purified 
by column chromatography using silica and a solvent such as 
toluene-ethyl acetate- trie thy lamine (20:80:1) as eluent- 
5 The fractions are then evaporated in vacuo (1 torr) at 20°C 
and the residue is evaporated with anhydrous pyridine and 
the rest is lyophilized from benzene-ace tonitrile (1:1) to 
yield title compound 18. 

10 yg:vj^7npTft 2'^ 

3-N-Bonzyloxyinothyl-3 '-0- [3-N- ( trif luoroacetyl) -3- 
*N- ( tert-butoxycarbonyliaothyl) -S-aminopropyl] -5 ' ~0- 
(totrahydropyran-2-yl) thymidine/ 19 

To a stirred solution of compound 6 (2.00 g, 3.3 
15 mmole) in anhydrous DEMF (10 ml) is added a suspension of 
60% NaH (140 mg, 3.5 mmole) and after 1 hour tert-butyl 
ester of bromoacetic acid (FW 195.06, d 1.321) (0.68 g, 
0.52 ml, 3.5 mmole). The resulting mixture is stirred 
overnight at 50®C and cooled to ambient temperature. 
20 Another portion of 60% NaH (40 mg, 1 mmole) is added and 

after 1 hour tert-butyl ester of bromoacetic acid (0.20 mg, 
0.15 ml, 1 mmole) is added. The resulting mixture is 
stirred overnight at 50°C, cooled t9 ambient temperature 
and DMF is evaporated in vacuo to dryness. The residue is 
25 dissolved in AcOEt (100 ml) , washed successively with water 
(1x30 ml) and brine (2x30 ml), dried (MgS04) and evaporated 

in vacuo to dryness. The residue is chromatographed over 
silica gel column (2.5x25 cm) using toluene/AcOEt (gradient 
of AcOEt from 10 to 50%) as eluent to give compound 19, 
30 2.10 g (89%), as a white foam. ^H-NMR (CDCI3) : 

7.60&7.53 (m&, IH, H-6, dT) ; 7.40-7.20 (gm, 5H, Phe , BOM) ; 
6.30 (m, IH, H-1', dT) ; 5.49 (s, 2H, NCHj, BOM); 4.85 (m, 

2H, NCHjCOOBu*^) ; 4.70 (s, 2H, 0Qi2, BOM); 4.64&4.59 (m&m, 

IH, H-1, THP); 4.18 (m, *, H-4', dT) ; 4.15&4.08 (m&m, *, 
35 H-3'' , dT) ; 4.10-3.40 (gm, lOH with *, H-5', dT; H-5, THP; 
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OCH2CH2CH2N(COCF3)-) ; 2.44 (m, IH, H-2 ' , dT) ; 2.02 (m, **, 
H-2'. dT); 1.95&1.91(d&d, CH3, Thy); 1.87 (m, , 

OCH2CH2CH2N(COCF3)-) ; 1.80&1.56&1.45 {mfiLm&m, 21H with 
H.2,-3,-4, THP; NCHjCOOfiii^) . "F-NMR (CDCI3) : -69.30 (CE3) . 

5 

3 * -o- [3-N- (trif luoroacetyl) -3-N- ( tex-t- 
butoacycarbonylmothyl) -3-amiaopropyl] - 5 ' -O- 
( tetrahydropyran- 2 -yl) thymidine, 2 0 
10 To a stirred solution of compound 19 (2.14 g, 3.0 

mmole) in AcOEt (50 ml) is added lu% Pd/C (Degussa type, 
Aldrich) (1.1 g) . The flask is evacuated and then flushed 
3 times with hydrogen and finally filled with hydrogen at 
40 to 50 psi. The resultant suspension was stirred 

15 vigorously at 23°C for 14 hours. The suspended material is 
filtered off through a pad of Celite in a Buchner funnel 
and then the funnel is rinsed several times with a small 
portion of AcOEt and MeOH. The combined filtrate and 
washing is evaporated in vacuo to dryness. The residue is 

20 chromatographed over a silica gel coluirai (2.5x25 cm) using 
toluene/ AcOEt (gradient of AcOEt from 10 to 70%) as eluent 
to give compound 20, 1-59 g (87%), ^s a white foam. ^H- 
NMR (CDCI3): 9.96&9.87 (bs&bs, IH, NH, Thy) ;7 . 60&7 .53 (m&, 
IH, H-6, dT); 6.30 (m, IH, H-1', dT) ; 4.80 (m, 2H, 

25 NCHjCOOBu^); 4.64&4.59 (m&m. IH, H-1, THP); 4.18 (m, *, H- 

4', dT); 4.15&4.08 (m&m, *, H-3', dT) ; 4.10-3.40 (gm, lOH 
with H-5', dT; H-5, THP; G£H2CH2£H2N(COCF3) -) ; 2.44 (m, 
IH, H-2', dT); 2.02 (m, **, H-2', dT) ; 1 .95&1.91(d&d, **, 
CH3, Thy); 1.87 (m, OCH2CH2CH2N(COCF3) -) ; 1.80&1.56&1.45 

30 (m&m&m, 21H with *S H-2, -3,-4. THP; NCHjCOOEU^) . ^^F-NMR 
(CDCI3) : -69.30 (CE3) . 
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3 ' -O- I3-N- ( tert*-butoxycarboziylaetliyl) - ^- 
aminopropyl] -5'-0- (tetrahydropyraxi-2-yl) thymidine, 
21 

A solution of compound 20 (1.82 g, 3,0 xnmole) in 20 
ml of 3:1 mixture of 12% NHj/EtOH - 28% NH4OH is kept at 

65°C overnight. The reaction mixture is cooled emd 
evaporated in vacuo to dryness and the residue is 
chromatographed over a silica gel column (4.5x25 cm) using 
CHCl3/28%NH40H (99. 5/0 .5) (gradient of MeOH from 0 to 7%) 

as eluent to give conpound 21, 1.47 g (96%), as an oil, 
^H-NMR (CDCI3): 9.95 (bs, IH, Nfi, Thy); 7.60 (m, IH, H-6, 
dT); 6.30 (m, IH, 

H-1', dT); 4.64&4.59 (m&m, IH, H-1, THP) ; 4.30-4.00 (gm, 
4H, H-4', dT;H-3'. dT; -NHfiHjCOOBu^) ; 4.00-3.40 (gm, 6H, H- 
5', dT; H-5, THP; QQJsCHaCHjNH-) ; 2.75 (m, 2H, OCHjCHjCHjNH) ; 
2.40 (m, IH, H-2', dT) ; 2.02 (m, H-2 ' , dT) ; 1.93 (d, 
CH3, Thy); 1.75 (m, OCH2CH2CH2NH-) ; 1.70&1.56&1.45 

(m&m&m, 21H with *, H-2, -3,-4, THP; -NHCHjCCX)!^^) . 

Example 26 

3 ' -O- {3-N- [ ( thymine -1-yl) acetyl I -3-N- ( tert- 
but oxycarbonylaethyl ) -3 - aminopropyl } *- 5 ' -O- 
( t et rahydropyran-2 -yl ) thymidine , 2 2a 

A solution of compound 21 (1.02 g, 2.00 mmole) , 

pentafluorophenyl ester of thymine-l-ylacetic acid (0.77 g, 
2.10 mmole) and DIPEA (2.10 mmole) in anhydrous DMF (10.0 
ml) is kept at ambient temperature for 4 hoxirs and the DMF 
is evaporated. The residue is chromatographed over a 
silica gel column (2.5x25 cm) using CHCl3/MeOH/28%NH40H 
(97/3/0.1) as eluent to give compound 22, 1.33 g (98%), as 
a white solid. ^H-NMR (CD3OD) : 7.65&7.58 (m&m, IH, H-6, 
dTi); 7.30&7.27 (m&m.lH, H-6, Thyj) ; 6.23 (m, IH, H-1', 
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dTj); 4.85-4.60 (gm, 5H, -l^QH^COOBu^ ; (=0)Ca2Thy; 
THP); 4.20 (m, H-4', dT^) ; 4.15 (m, 2H with H-3 ' , 
dTi); 4.00-3.40 (gm, 8H, H-5', dTi; H-5, THP; QCH2CH2CH2N) ; 
2.38 (in, IH, H-2', dT^) ; 2.10 (m, IH, H-2', dT^) ; 2.00- 
1.40 (gm, 23H, OCHzOijCHjN; CH3, dTj&Thyj; H-2, -3,-4, THP; 
-NHCHjCOOfiii^) . 

Example 21 

3 f -o- {3-K- [ { (4-K- (isobutyryl) cytidiao-l-yl) acetyl] - 
3-N- ( tert-butoxycarbonylaothyl) -3-aainopropyl>-5 ' - 
O- (tetrahyaropyran-2-yl) thyaidino, 22b 

A solution of compound 21 (1.02 g, 2.00 inmole) , 
pentafluorophenyl ester of [4-N- (isobutyryl)cytidine-l- 
yl]acetic acid (0.85 g, 2.10 mmole) and DIPEA (2.10 iranole) 
in anhydrous IMF (10.0 ml) is kept at ambient temperature 
for 4 hours and the DMF is evaporated. The residue is 
chromatographed over a silica gel column (2.5x25 cm) using 
CHCls/MeOH/ (gradient of MeOH from 0 to 7%) as eluent to 

give compound 22b, 1.42 g (97%), as a white solid. 

Example 28 

3 ' -o- {3-N- [ ( ( 6-N- (pheaoxyacetyl) adeaine-9- 
yl) acetyl] -3-N- ( tert-butoxycarbonylaethyl) -3- 
aminopropyl } - 5 ' -O- ( t o trabydropyr aa-2 -yl ) thymidine , 
22c 

A solution of compound 21 (1.02 g, 2*00 mmole), 
pentafluorophenyl ester of [ 6-N- (phenoxyacetyl) adenine- 9- 
yl] acetic acid (1-04 g, 2.10 mmole) and DIPEA (2.10 mmole) 
in anhydrous DMF (10.0 ml) is Icept at ambient teitperature 
for 4 hours and the DMF is evaporated. The residue is 
chromatographed over a silica gel column (2.5x25 cm) using 
CHCI3 /MeOH/ (gradient of MeOH from 0 to 7%) as eluent to 

give compound 22c, 1.51 g (92%), as a white solid. 
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3'-0-{3-N- I (thymixio-l-yl) acetyl] -3-N- 
( carboxymethyl ) -3-aminopropyl) -5 ' -O- (p- 
anisyldipheuylmethyl ) thymidine, 23a 

A solution of conipoiind 22a (1,69 g, 2.5 mmole) in 
50% TFA/DCM (50 ml) is kept at ambient temperature for 30 
minutes. The reaction mixture is evaporated in vacuo and 
the residue is coevaporated with toluene (2x50 ml) , 
anhydrous Py (3x50 ml), dissolved in anhydrous Py (25 ml), 
and M^CT-C1 (0.93 g, 3.0 mmole) is added- The reaction 
mixture is kept at anibient temperature overnight and 
evaporated. The residue is suspended in C:HCl3 (150 ml) and 

washed successively with water (2x50 ml) , cold citric acid 
(3x30 ml) and brine (2x50 ml) , dried (MgS04) and evaporated 

in vacuo. The residue is reprecipitated from CHCl3/hexane. 
The precipitate is collected and dried in vacuo to give 
compound 23a, 1.92 g (95%), as a white solid. ^R-KMR 
(CD3OD) : 7.65&7.58 (m&m, IH, H-6, dTi); 7.45-7.10 (gm, 13H, 

Phe, MMT; H-6, Thyj) ; 6-82 (m, 2H, Phe, MMT) ; 6.20 (m, IH, 
H-1', dTi); 4.90-4.60 (gm, 4H, -NSijCCXDH; -C(=0)CIi2Thy) ; 
4.20 (m, H-4', dTj) ; 4.15 (m, 2H with *, H-3', dT^) ; 
4.00-3.40 (gm, 9H, H-5', dT^; (XrHj, ,MMT; OCHjCHjCHzN) ; 2.40 

(m, IH, H-2', dTi); 2.08 (m, IH, H-2', dT^) ; 2.00-1.40 

(gm, 8H, OCH2CH2CH2N; CH3, dTi&Thy2) . 

3 ' ^0-{3-N- [ { ( 4 -K- (iaobutyryl)cytidine-l-yl) acetyl] - 
3-N- (carboxymethyl) -3 -aainopropyl) -5 ' -O- (p- 
anisyldiphenylmethyl) thymidine, 23b 

Compound 22b (1.46 g, 2.00 mmol) is treated as 
described in Example 29 to give the title compound 23b, 
1.47 g (85%) . 
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Bxample 31 

3 ' -O- {3-N- [ (6-N- (phonoxyacetyl)adenine-l- 
yl) acetyl] -3-N- ( carboxymothyl ) -3-aminopropyl) - 5 ' -O- 
( p anl sy Idipheny Ime t hy 1 ) thymidine , 23c 

5 Compound 22c (1.64 g, 2.00 znmol) is treated as 

described in Exainple 29 to give the title compound 23c, 
1.49 g (78%) . 

Example 32 

10 3 ' -O- {3-N- [ (tbymine-l-yl) acetyl] -3-N- 

(pentaf luoropheaoxycarboaylmethyl) -3 -aminopropyl) - 
5 ' -O- ( p-an:L3yldipheaylae thy 1) thymidine, 2 4a 

A solution of compound 23a (1.00 mmol) , 
pentafluorophenol (1-1 mmol) and N,N'- 

15 dicyclohexylcarbodimide (1.1 mmol) in DMF (7 ml) is kept at 
ambient temperature for 1 hour. N,N'-dicyclohexylurea is 
filtered off and the resulting solution of compound 24a is 
used without purification. 

20 Example 33 

3 ' -0-{3-N- [ (4-N- (isobutyryl)cytidine-l-yl) acetyl] - 

3 -N- (pentaf luorophenoxycarbonylmethyl ) -3 - 

amiaopropyl} -5 ' -O- (p- 

aai sy Idipheny Ime thy 1) thymidine, t 24b 
25 Compound 23b (1.00 mmol) is treated as described in 

Example 32 to give a solution of the title compound 24b. 

Example 34 

3 ' -0-{3-N- [ (6-N- (phenoxyacetyl) adenine- 1- 
30 yl) acetyl] - 3-N- (pentaf luorophenoxycarbonylmethyl ) - 
3-aminopropyl)-5 ' -O- (p- 
aaisyldipheaylmethyl) thymidine, 2 4c 

Compound 23c (1.00 mmol) is treated as described in 
Example 32 to give a solution of the title compound 24c. 

35 
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Exaamla 35 

3 -N-Bonzyloxynothyl - 5 ' -O- { 2 -cyanoothyl ) -3 ' -o- 
(benzyl ) thymidine , 2 5 

To a stirred solution of compound 7 (2.0 mmole) in 
anhydrous THF (150 nil) is added a suspension of 60% NaH (60 
mg, 1.5 mmole) in one portion and dropwise neat 
acrylonitrile (5 ml) over 5 minutes. The resulting mixture 
is stirred at ambient temperature for an additional 1 hour. 
The mixture is evaporated in vacuo to dryness. The residue 
is dissolved in AcOEt (500 ml) . The organic layer is 
washed with brine (2x250 ml), dried (MgS04), evaporated in 
vacuo to dryness, and the residue is chromatographe'^ over a 
silica gel column (4.5x30 cm) using toluene/AcOEt (gradient 
of AcOEt from- 10 to 15%) as eluent to give compound 25, 
(92%), as a colorless oil. ^H-NMR (CDCI3) : 7.45-7.15 (gm, 

IIH, Phe, BOM&Bzl; H-6, dT) ; 6.40 (m, IH, H-1', dT) ; 5.48 
(s, 2H, NCH2, BOM); 4.68 (s, 2H, OCH2, BOM); 4.53 (m, 2H, 
OCH2, B2I); 4.24 (m, H-3', dT) ; 4.16 (m, H-4', dT) ; 3.80- 
3.55 (gm, 4H, H-5', dT; OSijCH^CN) ; 2.56 (t, 2H, OCH2CH2CN) ; 
2.45 (m, IH, H-2', dT) ; 2.09 (m, IH, H-2 ' , dT);1.94 (d, 3H, 
CH3, Thy). "C-NMR (CDCI3): 163.2 (C-4, Thy); 150.7 (C-2, 

Thy); 137.8&137.3 (C-1, Phe, BOM; C7I, B2I) ; 134.1 (C-6, 
Thy); 128.3-127.4 (gs, C-2, C-3, C-4, Phe, BOM&B2I) ; 117.4 
(-£N); 110.1 (C-5, Thy); 85.4 (C-1', dT) ; 83.1 (C-4', dT) ; 
78.4 (C-3', dT); 71.9 (OCHj-BOM) ; 71.4 (OCHj' Bzl) ; 70.7 
(C-5', dT); 70.3 (NCH2, BOM); 65.6 (OCH2CH2CN) ; 55.2 (OMe, 
MMT); 37.4 (C-2', dT) ; 18.7 (OCHjCHjCN) ; 13.2 (CH3, Thy). 

3 -N-Beazyloxymothyl-S ' -O- (3- 

trif luoroacetamidopropyl) - 3 ' -0- (benzyl) thymidine, 2 6 

Compound 25 is treated as described in Example 5 to 
give 3-N-benzyloxymethyl-5 ' -O- ( 3 -aminopropy 1 ) -3 ' -0- 
( benzyl) thymidine, (62%), as a yellowish oil. ^h-nmr 
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(CDCI3) : 7.52 (m,lH, H-6, Thy); 7.40-7.20 (gm, lOH, Phe 
,BOM&Bzl); 6.35 (m, IH. H-1'. dT) ; 5.47 (s, 2H, N£H2. BOM) ; 
4.68 (s, 2H. 0Qi2' BOM); 4.52 (m, IH, OCHj, Bzl) ; 4.16 (gm. 
2H. H-4'. H-3'; dT); 3.70 (m. IH. H-5'. dT) ; 3.60-3.40 (gm, 
3H, OCH2CH2CH2NH2; H-5', dT) ; 2.74 (t, 2H, OCHjCHjCHjNHz) »' 
2.44 (m, IH, H-2', dT) ; 2.03 (m, IH, H-2'. dT) ; 1.92 (d, 
3H, CH3, Thy); 1.71 (m. * • , OCHjCHjCHjNH, ) . "c-NMR {CDCI3) : 

163.3 (C-4, Thy); 150.8 (C-2. Thy); 137.9&137.4 (C-1, Phe, 
BOM&Bzl); 134.3 {C-6, Thy); 128.4-127.4 (C-2, C-3, C-4, 
Phe, BOM&Bzl); 109.9 (C-5, Thy); 85.8 (C-1', dT) ; 83.7 (C- 
4', dT); 78.7 (C-3', dT) ; 72.0 (OCHj, BOM); 71.2 (OCHj. 

Bzl); 70.8 (C-5', dT) ; 70.3 (NCHj, BOM); 69.4 
(OCHjCHzCHjNHz) ; 39.1 (OCHzCHjCHjNHz) ; 37.8 (C-2', dT) ; 32.2 
(OCH2eH2CH2NH2) ; 13.2 (CH3, Thy). 

3_N-Benzyloxymethyl-5 ' -0- (3-aminopropyl) -3 ' -0- 
(benzyl) thymidine is created as described in Example 6 to 
give the title compound 26, (93%). ^H-NMR (CDCI3) : 7.40- 
7.20 (gm, 12H, Phe , BOM&Bzl; H-6, Thy; ffiJCCXmPj) ; 6.29 (m, 
IH, H-1', dT); 5.47 (s, 2H, NCHj, BOM); 4.68 (s, 2H, 0£ii2. 
BOM); 4.52 (m, 2H, 0012/ Bzl); 4.17 (m, 2H. H-4', H-3', 

t 

dT); 3.68 (m, IH, H-5', dT) ; 3.60-3.30 (gm, 5H, 
0CH2CH2CIi2NHC0CF3; H-5', dT) ; 3.50 (m, 1 OH with **. 
0CH2CH2Cli2NHC0CF3) ; 2.48 (m, IH, H-2', dT) ; 2.06 (m, IH, H- 
2', dT); 1.89(s, 3H, CH3, Thy); 1.83 (ra, 2H, 

0CH2CH2CH2NHC0CF3) . "C-NMR (CDCI3) : 163.3 (C-4, Thy); 157.1 
(q, 2j^.p=36.9 Hz, £(=0)CF3); 150.7 (C-2. Thy); 137.7&137.3 
(C-1, Phe, BOM&Bzl); 134.4 (C-6, Thy); 128.4-127.0 (C-2, C- 
3, C-4, Phe, BOM); 115.7 (q, ^Jj,.p=287.9 Hz, C(=0)CF3); 

109.9 {C-5, Thy); 86.0 (C-1', dT) ; 83.4 {C-4'. dT) ; 78.6 
(C-3'. dT); 72.0 (OCH2, BOM); 71.4 (OCHj, Bzl); 71.0 (C-5', 
dT) ; 70.3 (NCHj. BOM); 69.2 (OCH2CH2CH2NHCOCF3) ; 37.6&37.5 
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(C-2', dT); 28.6 (OCH2CH2CH2NHCOCF3); 13.1 (CH3, Thy), "f- 
NMR (CDCI3): -76.06 (s, CE3). 

Example 37 

3-N-Ben2yloxymethyl-5 ' -O- I3-N- ( trif luoroacotyl ) -3- 
N- ( tojTt-butoxycarbonylmethyl) - 3-ajninopropyl] - 3 ' -o- 
( benzyl ) thymidine , 2 7 

Compound 26 (2.00 mmol) is treated as described in 
Example 23 to give the title compound 27, (85%). 



Example 3 8 

5 ' -o- [3-N- (trif luoroacetyl) -3-N- (carboxyaethyl) -3 - 
aminopropyl] -thymidine, 2 8 

Compound 27 (2.00 mmol) is treated as described in 
15 Example 24 to give 5 ' -O- (3-N- ( trif luoroacetyl) ( cert- 
butoxycarbonylmethyl ) -3 -aminopropyl ] thymidine , ( 82 % ) . 5 ' - 
O- [3-N- (Trif luoroacetyl) -3-N- ( tert-butoxycarbonylmethyl) -3 • 
aminopropyl] thymidine is treated then as described in 
Example 29 to remove the tert -butyl protecting group from 
the carboxyl moiety and to give the title compound 28, 
(95%). 



Example 3 9 
5 ' -O- (3-N- [ ( thymine -1-yl) acetyl] -3-N- 
25 ( carboxyme thyl ) - 3 - aminopropyl ) - thymidine , 2 9a 

Compound 28 is treated as described in Exaii^le 25 
to give 5 '-0- 1 3-N- (carboxyme thyl) -3 -aminopropyl] thymidine, 
(97%) . 5 ' -0- [3-N- (Carboxymethyl) -3 -aminopropyl] - thymidine 
is treated then as described in Example 26 to give the 
30 title compound 29a, as a white solid (92%) . 



Example 4 0 

5 ' -0-{3-N- [ (4-N- (isobutyryl) cytidine-l-yl) acetyl] - 
3-N- (carboxymethyl) -3-aminopropyl} thymidine, 29b 

5 '-0- [3-N- (Carboxymethyl) -3 -aminopropyl] - thymidine 
is treated then as described in Example 27 to give the 
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title compound 29b, as a white solid (91%) . 

5 ' -O- {3-N- [ {6-N- (phenoxyacetyl) adenine- 1- 
yl) acetyl] -3-N- (carboxymethyl) -3- 
aminopropy 1 } thymidine , 29c 

5 ' -0- [3-N- (Carboxymethyl) -3-aininopropyl] - thymidine 
is treated then as described in Example 28 to give the 
title compound 29c, as a white solid (93%) . 

Example 42 
5 / -.0- {3-N- [ (thymine-l-yl) acetyl] -3-N- 
( carboxymethyl) -3-aminopropyl) — 3 ' -O- (di-p- 
anisyldiphenylmethyl ) thymidine , 3 0a; 
5 / _o- { 3 -N- [ ( 4 -N- < isobutyryl ) cytidine-l-yl ) acetyl ] - 
3-N- (carboxymethyl) -3-aminopropyl}-3 ' -O- (di-p- 
anisyldiphenylmethyl) thymidine, 30b; 
5 r {3^j|- [ (6-N- (phenoxyacetyl) adenine-1- 
yl) acetyl] -3-N- (carboxymethyl) -3 -aminopropyl) -3 ' -O- 
( di-p-anisyldiphenylmethyl ) thymidine , 3 0c 

Compound 29 is treated with DMT-Cl in the same way 
as described in Example 29 to give the title compounds 
30a-c . 

Example 43 
5 # -o- {3-N- [ (thymine-l-yl) acetyl] -3-N- 
(succinimidoxycarbonylmethyl) -3 -aminopropyl) — 3 ' -O- 
( di-p-anisyldiphenylmethyl ) thymidine , 31a; 
5 i -0- { 3 -N- [ ( 4 -N- (isobutyryl ) cytidine-l-yl ) acetyl ] - 
3 -N- ( succinimidoxycarbonylmethyl ) - 3 -aminopropyl } - 
3 ' «o- (di-p-anisyldiphenylmethyl) thymidine, 31b; 
5 ' -O- {3-N- l( 6-N- (phenoxyacetyl) adenine- 1- 
yl) acetyl] -3-N- (succinimidoxycarbonylmethyl) -3- 
aminopropyl)-3 ' -0- (di-p-anisyldiphenylmethyl) 
thymidine, 31c 

A solution of compound 30 (1.00 mmol) , N- 
hydroxysuccinimide (1.1 mmol) and N,N'- 
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dicyclohexylcarbodimide (1.1 mmol) in DMF (7 ml) is kept at 
ambient temperature for 1 hour. N,N' -dicyclohexylurea is 
filtered off and resulting solution of compound 31 is used 
without purification. 

Example 43ii 

3-N-Ben2yloxy3aethyl-6'-0- (p-anisyldiphenylaethyl ) - 
5 ' - homothymidine , 4 0 

. 5 '-Homo thymidine (5.12 g, 20 mmol) (Etzold, G. et 
al., Chemical Communications, (1968), p. 422) is 
monomethoxytritylated as per the procedure of Exanrple 19 
and then benzyloxymethylated and purified as per the 
procedure of Exair?>le 1 to give entitled compound 40 (87%) . 

Example 44 

3-N-BenzyloxyTnethyl-6-3 ' -O- (2-cyanoethyl) ' -O- (p- 
anisyldiphenylmethyl) -5 ' -homothymidine, 41 

Compound 40 is cyanoethylated and purified as per 
the procedure of Example 2 to give compound 41. 

Example 45 

3-N-Benzyloxyaethyl*3 ' -O- (2-cyanoethyl) -6 ' -O- 
( tetrahydropyraa-2-yl) -5 ' -homothymidiBe, 42 

Compound 41 is deprotected sis per the procedure of 
Example 3 and then treated as per the procedure of Example 
4 to give compound 42. 

Example 46 

3-N-Benzyloxymethyl-3 ' -O- (3-aminopropyl ) -6 ' -O- 
( tetrahydropyran-2-yl) -5 ' -homothymidine^ 43 

Compound 42 is reduced and purified as per the 
procedure of Example 5 to give compound 43, 
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Example — 47 
3 -N-Benzyloxymothyl - 3 * -o- { 3 - 

tri£luoroaeetamidopropyl ) - 6 ' -O- ( tetrahydropyran•*2- 
yl ) -5 ' -homothyaidi&e, 44 

Compound 43 is trifluoroacetylated and purified as 
per the procedure of Example 6 to give compound 44. 

Example 48 

3-N-Beazyloxymothyl-3 ' -O- [3-N- (trif luoroacotyl ) -3- 
N- ( tert-butoxycarbonylnethyl) -3-amiaopropyl) - 6 ' -O- 
( tetrahydropyran-2-yl) -5 ' -homothymidiae, 45 

Compound 44 is alkylated with tert-butyl ester of 
bromoacetic acid and purified as per the procedure of 
Example 23 to give compoxind 45. 

Example 49 

3-N-Benzyloxymethyl-3 '-0- [3-N- (trif luoroacetyl ) -3- 
N- ( tert-buto3cycarbonylmetbyl) -3-aminopropyl) -6 ' - 
bromo- 5 ' -bomo thymidine , 46 

The solution of compound 45 (5 mmol) , CBr4 (7 iranol) 

and P(Ph)3 (14 mmol) in anhydrous THF (40 ml) is stirred at 
ambient temperature for 24 hours. The reaction mixture is 
evaporated in vacuo to dryness, the^ residue coevaporated 
with toluene (2 x 100 ml) and chromatographed over a silica 
gel column (4.5x25 cm) using toluene/AcOEt (7:3cl:l) as 
eluent to give compound 46, (95%) . 

S;^^ple go 

3-N-Bon2yloxymothyl-3'-0- [3-H- (trif luoroacetyl) -3- 
N- ( tert-butoacycarbonylmothyl) -3-aminopropyl] -6 ' -N- 
(di-tart-butylo3cycarboayl> -6' -amino-5' - 

homotbymidine « 47 

To a stirred solution of di-tert- 
butyliminodicarboxylate (1.09 g. 5.0 mmole) in anhydrous 
DMF (20 ml) is added a suspension of 60% NaH (200 mg, 5.0 
mmole) and after 1 hour compound 46 (4.0 mmole) . The 
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resulting mixture is stirred overnight at 50°C, cooled to 
ambient temperature and DMF is evaporated in vacuo to 
dryness. The residue is dissolved in AcOEt (150 ml), 
washed successively with water (1x30 ml) and brine (2x30 
5 ml), dried (MgS04) evaporated in vacuo to dryness. The 
residue is chromatogrraphed over silica gel column (2.5x25 
cm) using toluene/AcOEt (gradient of AcOEt from 10 to 50%) 
as eluent to give compound 35. 

10 Example 51 

3 ' -O- [3-N- ( tert-butoxycarbonylmethyl) -3- 
aminopropyl] -6 ' -N- { tert-butyloxycarbonyl ) -6 ' -amino- 
5 ' -bomothymidine , 48 

Compound 47 (2.0 mmole) is hydrogenated and 
15 purified as per the procedure of Example li. The product 
of reaction is treated withlO ml of 3:1 mixture of 12% 
NHj/EtOH - 28% NH4OH at ambient teinperature overnight. The 

reaction mixture is cooled and evaporated in vacuo to 
dryness and the residue is chromatographed over a silica 
20 gel column (2.5x25 cm) using CHCl3/MeOH/28%NH40H (95/1/0.5) 
as eluent to give confound 48. 

Example S2 

3'-0-{3-N- t (thymine-l-yl) acetyl] (tert- 
25 butoxycarbonylmethyl) -3--aminopropyl}-6' -N- (tert- 
butyloxycarbonyl) -6 ' -amino- 5 ' -homo thymidine, 49a 

Compound 48 is treated as described in Example 26 
to give the title compound 49a, as a white solid (95%) , 

30 ExEunple 53 

3 ' -o- {3-N- [ ( 4 -N- (isobutyryl) cytidine-l-yl) acetyl] - 
3-N- ( tez-t-butoxycarbonylmethyl ) -3 -aminopropyl) - 6 ' - 
N- { tez-t-butyloxycarbonyl) - 6' -aaino-5'- 
bomo thymidine, 49b 

35 Compound 48 is treated as described in Example 27 

to give the title compound 49b, as a white solid (95%). 
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gyample 54 
3 / -o- {3-N- t (thymine-l-yl) acetyl] -3-N- 
(carboacymothyl) -3-aminopropyl} -6 ' -M- (p- 
anlsyldiphenylmethyl) - 6 ' - amino- 5 ' -homothymldine, 
50a 

Compound 49a is treated as described in Example 29 
to give the title compound 50a, as a white solid (93%) • 

Example 

3 / -o- (3-N- [ (4-N- (isobutyryl) cytidine-l-yl) acetyl] - 
3 -N- ( c arboxymethyl ) -3 -aminopropyl ) - 6 ' -N- (p- 
anisyldipbenylmotliyl) -6 ' -amiao-5 ' -homothymidine, 
sob 

Compound 49b is treated as described in Example 30 
to give the title compound 50b, as a white solid (95%) . 

pxamole 56 
3 ' -O- {3-N- I (thymine-l-yl) acetyl] -3-N- 
(pentaf luorophenoxycarbonylmethyl) -3-aminopropyl ) - 
6 # -N- (p-anisyldiphenylmethyl) -6 ' -amiao-5 ' - 
homo thymidine, 51a 

Compoxind 50a is treated as described in Example 32 
to give a solution of the title coit4>ound 51a. 

3 f -o- {3-N- [ ( 4 -N- (isobutyryl) cytidino-l-yl) acetyl] - 
3-N- (pentaf luorophenoxycarbonylmethyl) -3- 
aminopropyl ) - 6 ' -N- (p-anisyldiphenylmethyl ) - 6 ' - 
amino- 5 ' -homothymidine, 51b 

Compound 50b is treated as described in Example 33 
to give a solution of the title compound Sib. 

Example 58 

3 ' -o-{3-N- [ (thymine-l-yl) acetyl] -3-N- (N- (3-N- 
(diethylamino) propyl) carboxamidomethyl) - 3- 
aminopropyl)-6 ' -N- (p-anisyldiphonylmethyl ) - 6 ' - 
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amino-5 ' -homo thymidine, 52a 

A solution of compound 51a (1 mmole) in DMF (5 ml) is 
treated with 3 -N- (diethylamino) propylamine (1.5 mmole) at 
ambient temperature for 2h. The reaction mixture is 
5 evaporated in vacuo to dryness and the residue is 

chromatographed over a silica gel colimn (2.5x25 cm) using 
CHCl3/28%NH40H (99.9/0.1) (gradient of MeOH from 0 to 9%) 

as eluent to give compound 52a, (85%) « as an oil. 

10 F^awip-lft 

Oligonucleoside 53 (nsl) 

A solution of compound 52 (1 mmole) in 80% AcOH 100 
ml is kept overnight at ambient temperature. The reaction 
mixture is evaporated in vacuo to dryness and the residue 

15 is coevaporated with Py (3x50 ml) and anhydrous DMF (3x25 
ml) . The residue is dissolved in anhydrous DMF (5 ml) and 
solution of compovmd 51 (1.2 mmole) and DIPEA (1.1 mmole) 
in anhydrous DMF (5 ml) is added. The reaction mixture is 
kept at ambient temperature for 2h. The reaction mixture 

20 is evaporated in vacuo to dryness and the residue is 

chromatographed over a silica gel column (2.5x25 cm) using 
CHCl3/28%NH40H (99.9/0.1) (gradient of MeOH from 0 to 10%) 

as eluent to give compound 53 (n^l) , (89%). 

25 Example gO 

Oligonucleoside 53 (na2) 

Compound 53 (n»l) is treated as described in Example 
59 to give the title compoxind 53 (ne2) , as a white solid 
(95%) . 

30 

Example 61 
Oligonucleoside 53 (ns3) 

Compound 53 (n«2) is treated as described in Example 
59 to give the title compound 53 (na3) , as a white solid 
35 (94%). 
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Example 6^ 
Oligonucleoslde 53 (na4) 

Compound 53 (ne3) is treated as described in Example 
59 to give the title compound 53 {na4) , as a white solid 
5 (90%). 

Example £2 

Oligonucleoslde 53 (na5 ) 

Compound 53 (n«4) is treated as described in Example 
10 59 to give the title compound 53 (n=5) , as a white solid 
(91%) . 

Oligonucleoslde 54 

15 A solution of compound 53 (1 mmole) in 80% AcOH 100 

ml is kept overnight at ambient temperature. The reaction 
mixture is evaporated in vacuo to dryness and the residue 
is dissolved in water and extracted twice with ether. The 
water layer is evaporated in vacuo to dryness and the 

20 residue is lyophilized twice from water. 

Example SSl 

Once phosphoramidites of modified nucleosides and 
oligonucleoslde synthetic bloclcs haVe -been prepared, they 

25 can be incorporated into oligonucleotide analogues, which 
are synthesized by a stantard solid phase approach, using 
automated nucleic acid synthesizer such as Applied 
Biosystems, Inc. Model 392. Standard phosphoramidite 
coupling chemistries (see, e.g. M.J. Gait, Oligonucleotide 

30 Synthesis. A practical approach., pp. 35-81) are used with 
these synthesizers to furnish desired oligonucleotides. 
The solution of tetraethylthiuram disulfide (Applied 
Biosystems, Inc.) can be used to provide phosphorthioate 
oligonucleotides . 
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Example 66 
Hybr idi z a t i on Analy s i s 

The macromolecules of the invention can be compared in 
their ability to bind to complementary nucleic acids by 
5 determining the melting temperature of a particular double- 
stranded (ds) or triple-stranded (ts) complex. Upon 
formation of dsDNA from two single strands, due to base 
stacking the extinction coefficient decreases 
(hypochromicity) . Consequently, the denaturating of DNA 
10 can be followed by measuring changes in the absorbance, as 
a function of the melting temperature (T^^) , the temperature 
where 50% of a duplex has disappeared to give single 
strands. The higher the T^, the greater the strengh of the 

binding of the strands. 

15 Duplexes are formed from single-stranded 

oligodeoxyribonucleotides and the macromolecules of the 
present invention. The macromolecules of the present 
invention are synthesized according the description or 
examples presented herein. Oligodeoxyribonucleotides are 

20 synthesized on solid phase with an Applied Biosystems, Inc. 
392 DNA/RNA Synthesizer. The oligonucleotide species is 
purified as their dimethoxytrityl derivatives by reverse- 
phase chromatography using HPLC (Gilson) . Typically 0.3- 
0.5 OD260 oligonucleotide analog is hybridized with 1 

25 equivalent of the other strand and the absorbance (260 nm) 
hyper chromi city upon duplex to random coil transition is 
monitored using a Gilford Response II spectrophotometer. 
The buffers used are 10 mM in phosphate, 0.1 mM in EDTA and 
either 0.1 M or 1 M in NaCl. The following extinction 

30 coefficients are used dA: 15.4 ml/[imol*cm; dT 8.8; dG: 11.7 
and dC: 7.3 for both regular oligonucleotides and 
oligonucleotide analogues. The melting curves are recorded 
in steps of 0.5 ^C/min. The T„ is determined from the 

maximum of the 1st derivative of the plot Ajgo vs 

35 temperature. Data can be analyzed by the graphic 
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representation of l/T^ vs ln[Coiigo), wherein C^iigo is the 
total oligonucleotide concentration. Thermodynamic 
parameters are determined from this analysis. 

5 Nuclease Resistance 

A. Evaluation of the resistance of 
macroaolecules of the invention to serum and 
cytoplasmic nucleases • 

The oligonucleotide analogues of the invention were 
10 evaluated for their stability in media containing various 
concentrations of fetal calf serum or adult human serum. 
Oligonucleotide analogs are incubated ibr various times, 
treated with protease K and, then analyzed by reverse-phase 
or ion-exchange HPLC or by gel -electrophoresis on 20% 
15 polyacrylainide-urea denaturating gels and subsequent 

autoradiography. Based on the location of the modified 
linkage and the known length of the oligonucleotide it is 
possible to determine the effect on nuclease degradation 
depending on the peirticular modification of the linkage. 
20 For the cytoplasmic nucleases, an HL 60 cell line can be 
used. 

Following the incubation, the oligonucleotide analogs 
are assessed for degradation as mentioned above for serum 
nucleolytic degradation. Autoradiography, results are 
25 quantitated to compare the regular oligonucleotides and 
macromolecules of invention. 

B. Evaluation of the resistance of macromolecules 
of the invention to specific endo- and exo- 
30 nucleases. 

Evaluation of the resistance of oligonucleotide 
analogues of the invention to specific nucleases (i.e. 
endonucleases, 3'. 5'-exo-, and 5', 3 ' -exonucleases) can be 
done to estimate precisely the effect of a particular 
35 linkage on stability in degradation conditions. The 

oligonucleotide analogs are incubated in defined reaction 
buffers specific for various selected nucleases, treated 
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with proteinase K and then analyzed by reverse-phase or 
ion-exchange HPLC, or by gel-electrophoresis on 20% 
polyacrylamide-urea denaturating gels euid subsequent 
autoradiography . 
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We claim: 

!• A macromolecule, at least a portion of which is of 
the structure: 




wherein 

each B is independently hydrogen, hydroxy, a 
naturally occurring nucleobase, a non-naturally occtirring 
nucleobase, a DNA intercalator , a covalent or non-covalent 
DNA-binding group, a heterocyclic moiety, or an aromatic 
moiety; 

each is independently hydrogen, hydroxy, amino, 
mercapto, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, a DNA intercalator , a covalent or 
non-covalent DNA-binding group, a heterocyclic moiety, an 
aromatic moiety, a targeting group, a carrier, a reporter 
group, or a soluble or non-soluble polymer; 

n is an integer from 1 to 50; 

each X is independently a single bond, methylene, 
methyl enecarbonyl, C7-C12 aralkylene or substituted 
aralkylene, C7-C12 aralkylenecarbonyl or substituted 
ar alky 1 enecarbonyl, or a group of the formula: 
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wherein 

each Z is independently a single bond, 0, S, 
NR^ C(=0)NR* or C{=0)NR*; 

each is independently 0, S, mP, methylene, or 

C(CH3)2; 

each of p, r, and s is independently an 
integer from 0 to 20; 

each of R^, R^, R^ and R^ is independently 
hydrogen; Ci-Cg alkyl, which may be hydroxy-, or alkoxy-, or 

alkylthio-sxibstituted; hydrosQ^; alkoxy; alkylthio; amino or 
halogen; 

each of and R* is independently hydrogen; C^^- 
Cq alkyl, which may be hydroxy-, or alkoxy-, or alJcylthio- 
substituted; hydroxy; alkoxy; alJcylthio; or amino; 

each of or independently comprises at least 
three atoms, at least one of which is carbon; 

each V is independently oxygen, sulfur, NR® or 
me thy lene ; and 

each J is independently hydrogen, azido, halogen, 
-OR*^, -r'' or -NR'^R*, wherein each R^ is independently 

-NR^r' or R^, wherein each of R® or r' is independently 
hydrogen, C3-C10 branched alkyl or substituted al3cyl, Ci-Cq 
unbranched alkyl or substituted alkyl, Ci-C^q unbranched 
oxaalkyl or substituted oxaalkyl, C^-C^^ aryl or substituted 
aryl, C7-C12 aralkyl or substituted aralkyl, Cj^-C^q 
unbranched aminoalkyl or substituted unbranched aminoalkyl; 
C^-CjiQ unbranched aminooxaalkyl or substituted unbranched 
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aminooxaalkyl, C3-C10 and N1-N4 branched (polyamino- or 
polya2a-)alkyl or substituted (polyamino- or polyaza-) 
alkyl, C^-Cio aiid N1-N4 unbranched (polyamino- or polyaza-) 

alkyl or substituted (polyamino- or polyaza-) alkyl, Ci-Cio 
and N1-N4 unbranched (polyamino- or polyaza- ) oxaalkyl or 
substituted unbranched (polyamino- or polyaza- ) oxaalkyl , a 
natural or non-natural amino acid side chain radical, or a 
protecting group . 

2. The macromolecule of claim 1, wherein each of 
and is independently at least one of the following: 
oxygen; sulfur; substituted carbon; carbonyl; thiocarbonyl ; 
sulfone; sulfoxide; Ci-Cg alkylene; Cj-Ca alkenylene; Cj-Cg 

alkynylene; C1-C9 oxaalkylene or thiaalkylene or azaalkylene 
each containing one or two different heteroatoms or 
hetroatoms of the same type; NR^, *NR*R*, NR^C(=0)-, 
-NR''C(=S)-, -NR^S(=0)-, or -NR"'S{=0)2- in either 

orientation, wherein R^, R^ and R* are as specified above; 
X, wherein X has been specified above; or a group of: 

wherein 

each of or z' is independently a single bond, 
0, S, and NR*', wherein R^ has been specified above in claim 
1; 

each Z^ independently comprises hydrogen, R®, 
OR"^, SR"', and NR''r^, wherein r'' and R® have been specified 
above in claim 1; 

each Z^ independently comprises O, S, or NR*', 
wherein R*' has been specified above in claim 1. 

3. The macromolecule of claim 2 wherein each is 
independently -O-CH2-CH2-CH2- . -O-CHj-C (=0) -NH-, 
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-NH-NH-C(=0)-CH2-, -NH-N=:CH-CH2-, -NH-NH-CH2-CH2- , 
-0-NH-C{=0) -CHj-, -0-N=CH-CH2-, -O-NH-CHj-CHj- . 
-CH2-NH-C(=:0)-CH2-, -NH-NH-C(=0)-NH-, -0-C ( =0) -NH-CH2-CK2- , 
-0-P(=z2)25-NH-CH2-CH2-, or -CHj-NH-CHj-CHj-, in either 

5 orientation; and each is independently 
-CH2-O-CH2-CH2-CH2- . -CH2-O-CH2-C (=0) -NH- , 
-CHj-NH-NH-C (=rO) -CHj-, -CH2-NH-N=CH-CH2-, 

-CH2-NH-NH-CH2-CH2-, -CH2-0-NH-C(=0)-CH2-, -CH2-0-N=CH-CH2-. 
-CH2-O-NH-CH2-CH2-, -CH2-NH-C(=0)-CH2-, -CH2~NH-NH-C(=0)-NH-, 
10 -O-C{=0)-NH-CH2-CH2-. -0-P (=2^) Z^-NH-CH2-CH2-, or 
-CH2-CH2-NH-CH2-CH2-/ in either orientation. 

4. The macromolecule of claim 3 wherein n=l. 

5. The macromolecule of claim 2 wherein at least one 
of V is oxygen. 

15 6. The macromolecule of claim 3 wherein at least one 

of V is oxygen. 

7. The macromolecule of claim 4 wherein at least one 
of V is oxygen. 

8. The macromolecule of claim 2 wherein at least one 
20 of J is H. 

9. The macromolecule of claim 3 wherein at least one 
of 0^ is H- 

10. The macromolecule of claim 6 wherein at least one 
of J is H. 

25 11. The macromolecule of claim 7 wherein at least one 

of J is H. 

12. The macromolecule of claim 2 wherein at least one 
of B is a naturally or non-naturally occurring nucleobase. 

13. The macromolecule of claim 3 wherein at least one 
30 of B is a naturally or non-naturally occurring nucleobase. 

14. The macromolecule of claim 10 wherein at least 
one of B is naturally or non-naturally occurring 
nucleobase. 

- 15. The macromolecule of claim 11 wherein at least 
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one of B is naturally or non-naturally occurring 
nucleobase. 

16. The macromolecule of claim 12 wherein ac least 
one of comprises a DNA intercalator , a covalent DNA- 
binding group, or a non^covalent DNA-binding group. 

17. The macromolecule of claim 13 wherein at least 
one of comprises a DNA intercalator, a covalent DNA- 
binding group, or a non-covalent DNA-binding group. 

18. The macromolecule of claim 14 wherein at least 
one of B^ comprises a DNA intercalator, a covalent DNA- 
bindi .g group, or a non-covalent DNA-binding group. 

19. The macromolecule of claim 15 wherein at least 
one of B^ comprises a DNA intercalator, a covalent DNA- 
binding group or a non-covalent DNA-binding group. 

20. The macromolecule of claim 12 wherein at least 
one of B^ is a naturally or non-naturally occurring 
nucleobase. 

21. The macromolecule of claim 13 wherein at least 
one of B^ is a naturally or non-naturally occurring 
nucleobase. 

22. The macromolecule of claim 14 wherein at least 
one of B^ is a naturally or non-naturally occurring 
nucleobase. 

23. The macromolecule of claim 15 wherein at least 
one of B^ is a naturally or non-naturally occurring 
nucleobase. 

24. The macromolecule of claim 16 wherein at least 
one of X independently comprises Ci-Cio alkylene or 
siibstituted alkylene, Ci-Cio alkylenecarbonyl or substituted 
alkylenecarbonyl, polyamide, C7-C12 aralkylene or 
sxibstituted arall^len®' or C7-C12 aralkylenecarbonyl or 

substituted aralkylenecarbonyl. 

25. The macromolecule of claim 17 wherein at least 
one of X independently comprises Ci-C^o alkylene or 
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substituted alkylene, Ci-Cxo alkylenecarbonyl or substituted 
alkylenecarbonyl, polyamide, CtCi2 aralkylene or 
substituted aralkylene, or C^-Cij aralkylenecarbonyl or 
substituted aralkylenecarbonyl. 
5 26. The macromolecule of claim 18 wherein at least 

one of X independently comprises C^-Cio alkylene or 

substituted alkylene, Ci-Ciq alkylenecarbonyl or substituted 
alkylenecarbonyl, polyamide, C7-C12 aralkylene or 
substituted aralkylene, or C7-C12 aralkylenecarbonyl or 
10 substituted aralJQrlenecarbonyl . 

27. The macromolecule of claim 19 wherein at least 
one of X independently comprises Ci-Cio alkylene or 

substituted alkylene, Ci-Cio alkylenecarbonyl or substituted 

alkylenecarbonyl, polyamide, C7-C12 aralkylene or 

15 substituted aralkylene, or C7-C12 aralkylenecarbonyl or 

substituted aralkylenecarbonyl. 

28. The macromolecule of claim 20 wherein at least 
one of X independently conprises C^-C^ al3cylene or 

substituted alkylene, or Ci^C^ alkyleneccirbonyl or 
20 substituted alkyleneceurbonyl . 

29. The macromolecule of claim 21 wherein at least 
one of X independently comprises C^-C^ alkylene or 

substituted allQ^lene, or C1-C4 alkylenecarbonyl or 
substituted alkylenecarbonyl. 

30. The macromolecule of claim 22 wherein at least 
one of X is methylenecarbonyl. 

31. The macromolecule of claim 23 wherein at least 
one of X is methylenecarbonyl. 

32. A compoxind having the formula: 



25 



-91- 



wo 97/27206 



PCT/US97/01236 



Y — Q' 
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X 



-J n 

wherein 

each B is independently a naturally occurring 
nucleobase, a non-naturally occurring nucleobase, a 
heterocyclic moiety, or an aromatic moiety, any of which 
optionally contains a protecting groups- 
each is independently hydrogen, hydroxy, amino, 
mercapto, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, a DMA intercalator, a covalent or 
non-covalent DNA-binding group, a heterocyclic moiety, or 
an aromatic moiety, any of which optionally contains a 
protecting group; 

n is an integer from 1 to 50; 

each X is independently an optionally protected group 
selected from a single bond, methylene group, 
methylenecarbonyl, C7-C12 aralkylene or substituted 
aralkylene, C7-C12 aralkylenecarbonyl or substituted 
etralkylenecarbonyl or a group of the formula: 
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wherein 

each Z is independently a single bond, O, S, 
NR^r C(=0)NR*, C(=S)NR^ S{=0)NR^ or 3(^0)^1^^; 
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each is independently O, S, Se, NR^, 
methylene, or C(CH3)2; 

each of p, q, r, and s is independently an 
integer from 0 to 20; 

each of R^, R^, R^ and R^ is independently 
hydrogen; Ci-Cq alkyl, which may be hydroxy-, or alkoxy-, or 

alkylthio-substituted; hydroxy; alkoxy; aDcy^lthio; amino or 
halogen; 

each of R^ and R^ is independently hydrogen; C^- 
Cg alkyl, which may be hydroxy-, or alkoxy-, or alkylthio- 

substituted; hydroxy; alkoxy; allQrlthio; or amino; 

each of or independently comprises at least 
three atoms, at least one of which is carbon; 

each V is independently oxygen, sulfur, NR® or 
methylene, wherein R® is independently hydrogen, C^-C^q 
branched alkyl or siibstituted alkyl, C^-Cio unbranched alkyl 
or substituted alkyl, Ci-Cio unbranched oxaalkyl or 
substituted oxaalkyl, Cg-Cio aryl or substituted aryl, C7-C12 
aralkyl or substituted aralJ^l, Ci-C^^o unbranched aminoalkyl 
or substituted unbranched aminoalkyl; C^-Cio unbranched 
aminooxaalkyl or substituted unbrcuiched aminooxaalkyl , C3- 
Cio and N1-N4 branched (polyamino- or polyaza-) alkyl or 
substituted (polyamino- or polyaza- )al]cyl, Ci-Cjo and Nj^-N4 
unbremched (polyamino- or polyaza-) alkyl or substituted 
(polyamino- or polyaza-) alkyl, Cj-Cxo and N2-N4 unbranched 

(polyamino- or polyaza-) oxaalkyl or substituted unbranched 
(polyamino- or polyaza- ) oxaalkyl , a natural or non-natural 
amino acid side chain radical, or a protecting group; 

each J is independently, hydrogen, OR*', halogen, 
azide or R'^, any of which is optionally protected, wherein 
each r"' is independently -NR'r^ or R®, wherein R* is 
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independently hydrogen, C3-C10 branched alkyl or substituted 
allcyl, Ci-Cio unbranched alkyl or substituted alkyl, Ci-Cio 
unbranched oxaalkyl or substituted oxaalkyl, Cg-Cio ^^yl or 
substituted aryl, C7-C12 aralkyl or substituted aralkyl, Ci- 

unbranched aminoalkyl or substituted unbranched 
aminoalkyl; Ci-C\o unbranched aminooxaalkyl or substituted 
unbranched aminooxaallcyl , C3-C10 ^md Ni"N4 branched 
(polyamino- or polyaza-) alkyl or substituted (polyamino- or 
polyaza-) alkyl r C^-Cio and N^-N^ unbranched (polyamino- or 
polyaza-) alkyl or substituted (polyamino- or polyaza-) 
alkyl, Ci-Cio N^-N^ unbranched (polyamino- or polyaza-) 
oxaalkyl or substituted unbranched (polyamino- or polyaza-) 
oxaalkyl, a natural or non-natural amino acid side chain 
radical, or a protecting group; 

each is independently -0X-, -SX- or -NR«X-, any of 
which is optionally protected; 

each Q* is independently oxygen, sulfur or NR®, any of 
which is optionally protected; 
y is a protecting group; 

is a spacer group linked to a solid support. 
33, The compound of claim 32, wherein each of and 
independently contains at least one of the following 
groups, any of which is optionally protected: ox/gen; 
sulfur; substituted carbon; carbonyl; thiocarbonyl; 
sulfone; sulfoxide; Ci-Cg alkylene; Cj-Cg alkenylene; Cz-Cg 
alkynylene; Ci-Cg oxaalkylene or thiaalkylene or azaalkylene 
each containing one or two different heteroatoms or 
hetroatoms of the same, type; NK^ ^NR^R^, NR''C(=0)-, 
-NR''c{=S)-, -NR''S(=0)-, or -NR''S(=0)2- in either 
orientation, wherein R^, R® and R^ have been specified 
above; or X, wherein X has been specified above; or a group 
of: 
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2^ 

wherein 

each of or is independently a single bond, O, S, 
or NR'; 

5 each Z^ is independently hydrogen, R*, OR*', SR', or 

NR'r®; and 

each Z^ is independently O, S, or NR^. 

34. The compo\and of claim 33, wherein each 
comprises one of the following, any of which optionally 

10 contains a protecting group: -O-CHj-CHj-CHj- , 

-0-CH2-C(=0)-NH-, -NH-NH-C(-0)-CH2-, -NH-N=CH-CH2-, 
-NH-NH-CH2-CH2-, -0-NH-C(=0)-CH2-, -0-N=CH-CH2-, 
-O-NH-CH2 -CH2 - , -CH2 -NH-C ( =0 ) -CH2 - , -NH-NH-C ( =0 ) -NH- , 

-0-C(=0)-NH-CH2-CH2-, -0-P(=Z^)Z^-NH-CH2-CH2", or 

15 -CH2-NH-CH2--CH2-, in either orientation; and each 

comprises the following, any of which optionally contains a 
protecting group: 

-CH2-O-CH2-CH2-CH2- , -CH2-O-CH2-C (=0) -NH- , 
-CH2 -NH-NH-C ( =0 ) -CH2 - . -^2 -NH-N=CH-CH2 ' ' 
20 -CH2-NH-NH-CH2-CH2-, -CH2-0-NH-C(=0)-CH2-, -CH2-0-N=CH-CH2- , 
-CH2-O-NH-CH2-CH2-, -CH2-NH-C{=0)-CH2-, -CH2-NH-NH-C(=0)-NH-, 
or -CH2-CH2-NH-CH2-CH2-, in either orientation. 

35. The compound of claim 33 wherein Y is p- 
anisyldiphenylmethyl, di-p-anisylphenylmethyl, or pixyl. 

25 36. The compound of claim 34 wherein Y is p- 

anisyldiphenylmethyl, di-p-anisylphenylmethyl, or pixyl . 

37 . The compound of claim 35 wherein the spacer group 
comprises carbonyl, ester, carbamate, ur ethane, hydrazide, 
Ci-Ci4 alkylene or modified alkylene, C6-Ci4 aralkylene or 
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modified aralkylene, Cg-Ci^ alkylarene or modified 

alkylarene, C^-Cioo oxaalkylene or thiaalkylene or 

azaalkylene each containing from one to fifty different 
heteroatoms or hetroatoms of the same type, where aza 
groups are, optionally, protected by amino protecting 
groups, Cj^-Ci4 alkylenecarbonyl or alkylenethiocarbonyl or 

alky lenesulf one or alkylenesulf oxide, Ci-Cioo 

oxaalkylenecarbonyl or thiaalkyleneccirbonyl or 
azaalkylenecarbonyl (or their thiocarbonyl or sulfone or 
sulfoxide analogs) each containing from one to fifty 
different heteroatoms or hetroatoms of the same type, where 
aza groups are, optionally, protected by amino protecting 
groups ; 

or a group of the formula: 



and salts thereof, wherein 

each of or R^^ is independently selected from the 
group consisting of C3-C10 branched alkyl, Ci-Ciq unbranched 
alkyl or oxaalkyl, Cg-Cio aryl, €7-0^2 aralkyl; 

r" is Cj-Cg alkylene, Cj-Cg alkenylene or -Cj-Cg 
oxaalkylene, comprising one or two heteroatoms; 
is a phosphate protecting group; 
is halogen, imidazol-l-yl, tetrazol-l-yl, 1,2,4- 
triazol-l-yl and 1-hydroxy-benzotriazol-O-yl . 

38. The compound of claim 35 wherein is -HP(=0)OH 
or salts thereof; -P(OCH2CH2CN) (Nd-Prjj) ; or -P (OCH3) (N{ i- 

Pr)2). 

39. The compound of claim 36 wherein is -HP(=0)OH 
or salts thereof; -PtOCHjCHjCN) {N(i-Pr)2) ; or -P(0CH3) (N(i- 

Pr)2)-. 




O 

p — OH » sino 



o 

11 



RT2 , p_OH ' 
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The compound 


of 


claim 


33 


wherein 


each J is 





25 independently hydrogen, OR"', or fluorine, wherein any of 
or'' optionally contains a protecting group. 

54. The conpound of claim 36 wherein at least one of 
J is hydrogen. 

55. The compound of claim 37 wherein at least one of 
30 J is hydrogen. 

56. The compound of claim 43 wherein at least one of 
cr is hydrogen. 

57. The compound of claim 45 wherein at least one of 
J is hydrogen. 

35 58. The compound of claim 47 wherein at least one of 



-97" 



wo 97/27206 



PCTAJS97/01236 



or is hydrogen. 

59. The compound of claim 51 wherein at least one of 
or is hydrogen. 

60. The compound of claim 52 wherein at least one of 
J is hydrogen. 

61. The compound of claim 33 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

62. The compound of claim 36 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

63 . The compound of claim 44 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

64. The compound of claim 45 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

65. The compound of claim 47 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

66. The compound of claim 59 wherein at least one B 
is a naturally or non-natxirally occurring nucleobase, any 
of which optionally contains a protecting group. 

67. The compound of claim 60 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

68. The compound of claim 61 wherein each B^ is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

69. The compound of claim 62 wherein each B^ is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

70. The compound of claim 63 wherein each is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

71. The compoxind of claim 64 wherein each is a 
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naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

72. The compound of claim 65 wherein each is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group, 

73. The compound of claim 66 wherein each is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

74. The compound of claim 67 wherein each is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

75. The compound of claim 68 wherein at least one X 
is C1-C4 alkylene or substituted alkylene, or C1-C4 
alkylenecarbonyl or substituted alkylenecarbonyl , any of 
which optionally contains a protecting group. 

76. The compound of claim 69 wherein at least one X 
is C1-C4 alJcylene or substituted alkylene, or C^-C^ 

alkylenecarbonyl or substituted alkylenecarbonyl, any of 
which optionally contains a protecting group. 

77. The coiipound of claim 70 wherein at least one X 
is C1-C4 alkylene or substituted allcylene, or Ci^C^ 

alkylenecarbonyl or substituted alkylenecarbonyl, any of 
which optionally contains a protecting group. 

78. The compoxand of claim 71 wherein at least one X 
is 0^-04 alkylene or siabstituted alkylene, or C1-C4 

alkylenecarbonyl or substituted alkylenecarbonyl, any of 
which optionally contains a protecting group. 

79. The compound of claim 72 wherein at least one X 
is methylenecarbonyl. 

80. The compound of claim 73 wherein at least one X 
is methylenecarbonyl. 

81. The compound of claim 74 wherein at least one X 
is methylenecarbonyl. 

82. The compound of claim 61 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
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intercalator , a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

83. The compound of claim 62 wherein each is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group, 

84. The compound of claim 63 wherein each is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

85. The compound of claim 64 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a I»JA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group, 

86. The compound of claim 65 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

87. The compound of claim 66 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

88. The compound of claim 67 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group . 

89. The compound of claim 82 wherein at least one X 
is a single bond, Ci-C^o allcylene or substituted alkylene, 
Cj^-Cio alkylenecarbonyl or substituted alkylenecarbonyl , Ci- 
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CjQ oxaallcylene or substituted oxaalkylene, Ci^C^q 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl , 
polyamide, C7-Ci2 aralkylene or substituted aralkylene, or 

C7-C12 aralkylenecarbonyl or substituted aralkylenecarbonyl , 
any of which optionally contains a protecting group. 

90. The compound of claim 83 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 
Ci-Cio alkylenecarbonyl or substituted alkylenecarbonyl , C^- 
CiQ oxaalkylene or substituted oxaalkylene, Ci-Ciq 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyandde, C7-C12 aralkylene or substituted aralkylene, or 
C7-C12 aralkylenecarbonyl or substituted aralkylenecarbonyl, 
any of which optionally contains a protecting group, 

91. The compound of claim 84 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 
Cx"Cio alkylenecarbonyl or substituted alkylenecarbonyl, 
Cio oxaalkylene or substituted oxaalkylene, C^'C^q 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 

C7"Ci2 aralkylenecarbonyl or substituted aralkylenecarbonyl, 
any of which optionally contains a protecting group. 

92. The compound of claim 85 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 
^i"^io alkylenecarbonyl or substituted alkylenecarbonyl, Ci- 

oxaalkylene or substituted oxaalkylene, C^-Ciq 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 
C7-C12 aralkylenecarbonyl or substituted aralkylenecarbonyl, 
any of which optionally contains a protecting group. 

93 . The compound of claim 86 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 
^i-^lo alkylenecarbonyl or substituted alkylenecarbonyl, C^- 
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oxaalkylene or sxibstituted oxaalkylene, Ci-Cio 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl , 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 

C7-Ci2 aralkylenecarbonyl or substituted aralkylenecarbonyl , 
5 any of which optionally contains a protecting group. 

94. The compound of claim 87 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 

Ci-Cio alkyleneccurbonyl or svibstituted alkylenecarbony 1 , C^- 

CiQ oxaalkylene or substituted oxaallQrlene, Ci-Cxo 

10 oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 

polyamide, C7-C12 aralkylene or substituted aralkylene, or 
C7-Ci2 aralkylenecarbonyl or substituted aralkylenecarbonyl, 

any of which optionally contains a protecting group . 

95. The compound of claim 88 wherein at least one X 
15 is a single bond, Ci-Cio alkylene or substituted alkylene, 

Cj^-C^o alkylenecarbonyl or substituted allcylenecarbonyl , C^- 
Cio oxaalkylene or substituted oxaalkylene, C^-Cio 
oxaalkylenecsirbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 

20 C7-Ci2 aralkylenecarbonyl or substituted aralkylenecarbonyl, 

any of which optionally contains a protecting group. 

96. A compound represented by the formula: 
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wherein: 



each B is independently a naturally occurring 
nucleobase, a non-naturally occurring nucleobase, a 
heterocyclic moiety, or an aromatic moiety, any of which 
optionally contains a protecting group; 

each is independently hydrogen, hydroxy, amino, 
mercapto, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, a Wh intercalator, a covalent or 
non-covalent DNA-binding group, a heterocyclic moiety, or 
an aromatic moiety, any of which optionally contains a 
protecting group; 

n is an integer from 1 to 50; 

each X is independently one of the following 
optionally protected groups: a single bond, methylene, 
methylenecarbonyl, 07-0^2 aralkylene or substituted 
aralkylene, C7-C12 aralkylenecarbonyl or substituted 
aralkylenecarbonyl or a group of formula: 
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wherein 

each Z is independently a single bond. 0, S, 
NR«, C(=0)NR*. C(=S)NR^ S(=0)NR*, or Si^O)^^^: 

each is independently 0, S, Be, NR^, 
me thy lene , or C { CH3 ; ^ ; 

each of p, Q, r and s is independently an 
integer from 0 to 20; 

each of R^, R^, R^ and R* is independently 
hydrogen; Ci-C^ alkyl, which may be hydroxy-, or alkoxy-, or 
alkylthio-substituted? hydroxy; alkoxy; alkylthio; amino or 
halogen; 

each of R^ and R^ is independently hydrogen; C^^- 
Cs alkyl, which may be hydroxy-, or alkoxy-, or alkylthio- 
substituted; hydro^Qr; alkoa^r; alkylthio; or axaino; 

each of or comprises at least three atoms, at 
least one of which is carbon; 

each V is independently oxygen, sulfur, NR® or 
methylene; 

each J is independently one of the following 
optionally protected groups: hydrogen, OR*', halogen, azide 
or r'', wherein each R*' is independently -NR®r' or R®, 
wherein each of R' or r' is independently hydrogen, C-^-C^q 
branched alkyl or substituted alkyl, Ci-Cio unbranched alkyl 
or substituted alkyl, C^-Ciq unbranched oxaalkyl or 
substituted oxaalkyl, C^-C^q aryl or substituted aryl, C7-C12 
aralkyl or substituted aralkyl, C^-Ciq unbranched aminoalkyl 
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or substituted unbranched aminoalkyl; Ci-C^o unbranched 

aminooxaalkyl or substituted unbranched aininooxaalkyl, C3- 

C^Q and N1-N4 branched (polyamino- or polyaza-) alkyl or 

substituted (polyamino- or polyaza-)alkyl, C^-Cio N1-N4 

5 unbranched (polyamino- or polyaza-) alkyl or substituted 
(polyamino- or polyaza-) alkyl, Ci-C^o and H^-U^ unbranched 

(polyamino- or polyaza- ) oxaalkyl or substituted unbranched 
(polyamino- or polyaza-) oxaalkyl, a natural or non-natural 
amino acid side chain radical, or a protecting group; 
10 each of Q^^^ and Q^^^, comprising at least one atom, is 

independently selected from optionally protected or 
activated fragments of or Q^. 

97. The compound of claim 96 wherein each of and 
independently contains at least one of the following 
15 groups, any of which is optionally protected: oxygen; 
sulfur; substituted carbon; ceurbonyl; thiocarbonyl ; 
sulfone; sulfoxide; or Ci-Cs alkylene; C2-C8 alkenylene; Cj- 

Ca alkynylene; Ci-Cg oxaalkylene or thiaalkylene or 
azaalkylene each containing one or two different 
20 heteroatoms or hetroatoms of the same type; NR', "Imr'r^, 

NR^C(=0)-, -NR'C(=S)-, -NR^S(=0)-, 6r -NR^SCsOj- in either 

orientation, wherein R^, R® and R^ have been specified 
above; or X, wherein X has been specified above; or a group 
of: 

_Z4 — p 2?- 

25 

wherein 

each of or is independently a single bond, O, S, 
or NR"'; 

each Z^ is independently hydrogen, R^, OR', SiC , or 
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NR^R®; and 

each 2^ is independently O, S, or NR^. 

98. The compound of claim 97 wherein each Q^, any of 
which optionally contains a protecting group, independently 
comprises -O-CHj-CH^-CHj-, -0-CH2-C(=0) -NH-NH-C (=0) - 

CH2'' -NH-N=CH-CH2-, -NH-NH-CHj-CHj- , (=0) -CHj-, 

-0-N=CH-CH2-, -O-NH-CH2-CH2-, -CH2-NH-C(=0)-CH2-, 
-NH-NH-C (=0) -NH- , -0-C ( =0) -NH-CH2-CH2- , 

-'0-P(=Z^)Z^-NH-CH2-CH2-, or-CHj-NH-CHj-CHj- , in either 
orientation; and 

each C^, any of which optionally contains a protecting 
group, independently conprises Q^, -CHj-O-CHj-CHj-CHj- , 
-CH2-O-CH2-C (=0) -NH- , -CH2-NH-NH-C (=0) -CHj-, 

-CH2-NH-N=CH-CH2-, -CH2-NH-NH-CH2-CH2- , -CH2-O-NH-C (=0) --CHj-, 
-CH2-0-N=CH-CH2-, -CH2-O-NH-CH2-CH2-, -CH2-NH"C(=0)-CH2-, 
-CH2-NH-NH-C(=0)-NH-, or -CH2-CH2-NH-CH2-CH2-. in either 

orientation. 

99. The compound of claim 97 wherein n=l. 

100. The compound of claim 98 wherein n=l. 

101. The compound of claim 98, wherein each of Q^^^ 

and Q^^ contains from one to three atoms, any of which 

optionally contains a protecting group. 

102. The compound of claim 100, wherein each of Q^^^ 

and Q^jj contains from one to three atoms, any of which 

optionally contains a protecting group. 

103. The compound of claim 101 wherein each Q^^^ is 

independently Y^-NH-CH^-, Y^-NH-NH-, Y^-NH-, 

Y^-NH-CHj-CHj-, Y^-NH-NH-CHj-, Y^-NH-C (=0) -CH2- , 

Y^-NH-C(=0) -NH-, or Y^-NH-NH-C(=0) wherein Y^ is a 
protecting group or hydrogen; and 
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each Q^^ is independently E-CHj-CHj-, E-CHj-/ B-NH-, 
wherein E is independently halogen, aldehyde, acetal, 
-S(=0)2R®; or -COR", wherein is hydroxyl or an 

activated group. 

104. The compound of claim 102 wherein 

each Q^^ is independently Y^-NH-CHj-, Y^-NH-O-, 

Y^-NH-NH-, Y^-NH-, Y^-NH-CHj-CHj-, Y^-NH-im-CR^- , 
y2-NH-C(=0)-CH2-, y2-NH-C(=0)-NH-, or y2-NH-NH-C(=0)-, 
'wherein Y^ is a protecting group or hydrogen; and 

each Q^^ is independently E-CHj-CHj-, E-uHj-, E-NH-, 
E-0-, wherein E is independently halogen, aldehyde, acetal, 
-S(=:0)2R^; or -cor", wherein r" is hydroxyl or an 
activated group. 

105. The compound of claim 103 wherein Y^ is p- 
anisy Idiphenylmethyl , di -p-anisylphenylme thyl , pixyl , 
fluorenylmethoxycarbonyl, or trifluoroacetyl; and r" is 
hydrogen, pentaf luorophenyl , tetraf luorophenyl , p- 
nitrophenyl, or N-succinimidyl . 

106. The compound of claim 104 wherein Y^ is p- 
anisy Idiphenylmethyl , di -p-anisylphpnylme thyl , pixyl , 

f luorenylmethoxycarbonyl, or trifluoroacetyl; and r" is 
hydrogen, pentaf luorophenyl, tetraf luorophenyl, p- 
nitrophenyl, or N-succinimidyl . 

107. The compound of claim 99 wherein at least one of 
V is oxygen. 

108. The compound of claim 101 wherein at least one 
of V is oxygen. 

109. The compound of claim 104 wherein at least one 
of V is oxygen. 

110. The compound of claim 106 wherein at least one 
of V is oxygen. 

111. The compound of claim 97 wherein at least one of 
J is .hydrogen. 
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112. The compound of claim 101 wherein at least one 
of J is hydrogen. 

113. The compotand of - claim 104 wherein at least one 
of J is hydrogen. 

5 114. The compoimd of claim 110 wherein at least one 

of J is hydrogen. 

115. The compound of claim 97 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 
10 116. The compound of claim 101 wherein at least one B 

is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

117. The compound of claim 113 wherein at least one B 
is a naturally or non-nattirally occurring nucleobase, any 

15 of which optionally contains a protecting group. 

118. The compound of claim 114 wherein at least one B 
is a naturally or non-naturally occurring nucleobase, any 
of which optionally contains a protecting group. 

119. The compound of claim 115 wherein each B^ is a 
20 naturally or non-naturally occurring nucleobase, any of 

which optionally contains a protecting group - 

120. The compound of claim 116 wherein each B^ is a 
naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

25 121. The compound of claim 117 wherein each B^ is a 

naturally or non-naturally occurring nucleobase, any of 
which optionally contains a protecting group. 

122. The compound of claim 118 wherein each B^ is a 
naturally or non-naturally occurring nucleobase, any of 

30 which optionally contains a protecting group. 

123. The compound of claim 119 wherein at least one X 
is C1-C4 alkylene or substituted alkylene, or C1-C4 

alkylenecarbonyl or substituted alkylenecarbonyl , any of 
which optionally contains a protecting group. 
35 124. The compound of claim 120 wherein at least one X 

is C1-C4 alkylene or substituted alkylene, or C1-C4 
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alkyleneccu-bonyl or substituted alkylenecarbonyl , any of 
which optionally contains a protecting group. 

125. The compound of claim 121 wherein at least one X 
is methylenecarbonyl . 

126. The compound of claim 122 wherein at least one X 
is methylenecarbonyl. 

127. The compound of claim 115 wherein each is 
independently hydrogen, amino, raercapto, a DNA 
intercalator; a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

128. The compound of claim 116 wherein each is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

129. The compound of claim 117 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

130. The compound of claim 118 wherein each B^ is 
independently hydrogen, amino, mercapto, a DNA 
intercalator, a DNA-binding group, a polymer group, or a 
targeting group, any of which optionally contains a 
protecting group. 

131. The compound of claim 127 wherein at least one X 
is a single bond, C^-Cio alkylene or substituted alkylene, 
Ci-Cio alkylenecarbonyl or substituted alkylenecarbonyl, C^- 
Cio oxaalkylene or sxabstituted oxaalkylene, Ci-C^o 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 
C7-Ci2 aralkylenecarbonyl or substituted ara Iky lenecar bony 1 , 
any of which optionally contains a protecting group. 

' 132. The compound of claim 128 wherein at least one X 
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is a single bond, C^-Cio alkylene or substituted alkylene, 
Cj-Cio alkylenecarbonyl or substituted alkylenecarbonyl , C^- 

oxaalkylene or substituted oxaalkylene. Ci-C^o 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aral)cylene or substituted aralkylene, or 
C7-C12 aralkylenecarbonyl or substituted aralkylenecarbonyl , 
any of which optionally contains a protecting group- 

133. The compound of claim 129 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 

Ci-Cio alkylenecarbonyl or substituted alkylenecarbonyl, 
Cio oxaalkylene or substituted oxaalkylene, Ci-Cio 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 
C7-C12 aralkylenecarbonyl or substituted aralkylenecarbonyl, 

any of which optionally contains a protecting group. 

134. The compound of claim 130 wherein at least one X 
is a single bond, Ci-Cio alkylene or substituted alkylene, 
Cj-Cio alkylenecarbonyl or substituted alkylenecarbonyl, Ci- 

oxaalkylene or substituted oxaalkylene, Ci-C^q 
oxaalkylenecarbonyl or substituted oxaalkylenecarbonyl, 
polyamide, C7-C12 aralkylene or substituted aralkylene, or 
C7-C12 aralkylenecarbonyl or substituted aralkylenecarbonyl, 
any of which optionally contains a protecting group, 

135. A pharmaceutical composition comprising an 
effective amount of the macromolecule of claim 1 and 
pharmaceutically acceptable carrier. 

136. A phamiaceutical composition comprising an 
effective amount of the macromolecule of claim 6 and a 
pharmaceutically acceptable carrier. 

137. A pharmaceutical composition comprising an 
effective amount of the macromolecule of claim 11 and a 
pharmaceutically acceptable carrier. 

138. A pharmaceutical composition comprising an 
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effective amount of the macromolecule of claim 16 and a 
pharmaceutically acceptcJDle carrier. 

139. A pharmaceutical composition comprising an 
effective amount of the macromolecule of claim 19 and a 
5 pharmaceutical ly acceptable carrier. 

140* A pharmaceutical composition comprising an 
effective amount of the macromolecule of claim 20 and a 
pharmaceutically acceptable carrier. 

141. A pharmaceutical composition comprising an 
10 effective amount of the macromolecule of claim 23 and a 

pharmaceutically acceptable carrier. 

142. A method for *-he treatment of a disease caused 
by a pathogenic organism, which comprises administering to 
a host organism in need of such treatment em effective 

15 amoxint of a compound according to claim 1. 

143. A method for the treatment of a disease caused 
by a pathogenic organism, which comprises administering to 
a host organism in need of such treatment an effective 
amovint of a compound according to claim 6. 

20 144. A method for the treatment of a disease caused 

by a pathogenic organism, which comprises administering to 
a host orgemism in need of such treatment an effective 
amount of a compound according to claim 11. 

145. A method for the treatmerft of a t\amor, which 
25 comprises administering to an organism in need of such 

treatment an effective amount of a compound according to 
claim 1. 

146. A method for the treatment of a tumor, which 
comprises administering to an organism in need of such 

30 treatment an effective amount of a compound according to 
claim 6. 

147. A method for the treatment of a txjimor, which 
comprises administering to an organism in need of such 
treatment an effective amount of a compound according to 

35 claim 11, 

148. A method for the treatment of a disease caused 
by a- pathogenic organism, which comprises administering to 
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a hose organism in need of such treatment an effective 
amount of a pharmaceutical composition according to claim 
135. 

149. A method for the treatment of a disease caused 
5 by a pathogenic organism, which comprises administering to 

a host organism in need of such treatment an effective 
amount of a pharmaceutical composition according to claim 
136. 

150. A method for the treatment of a disease caused 
10 by a pathogenic organism, which comprises administering to 

a host organism in need of such treatment an effective 
amount of a pharmaceutical composition according to claim 
137. 

151. A method for the treatment of a tumor, which 
15 comprises administering to an organism in need of such 

treatment an effective amount of a pharmaceutical 
composition according to claim 135, 

152. A method for the treatment of a tumor, which 
comprises administering to an organism in need of such 

20 treatment an effective amount of a pharmaceutical 
composition according to claim 136. 

153. A method for the treatment of a tumor, which 
comprises administering to an organism in need of such 
treatment an effective amount of a pharmaceutical 

25 composition according to claim 137. 
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